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transplantation,” to be eliminated, leaving intact the remainder of the immune
system. Furthermore, such anti-receptor antibodies have the property of-
triggering certain cell subsets, and this would facilitate the man1pu]at1on

- of specific clones of cells required for protective immunity to infectious

agents'Q
T In'our pre91ods techinical Eeports we havé been able to show thét, in
animal models, antibodies can be prepared agalnst cell receptors for :
h1stocompat1b111ty antigens. Our current work is focused on apply!ng these
mode] stud1es to the human tmmune system. :

. 0ver the past yean we have deve]oped in v1tro techniques for the
analysis of specific human immune responses to a variety of antigens
including influenza and tetanus toxoid. These in vitro models will allow us
to analyze in detail the effects of anti-receptor and anti-cell interaction
molecule antisera on specific immune responses. Indeed, we report the .
inhibitory effect of certain aniisera to HLA-DR antigens on-tetanus toxoid
and influenza virus specific responses. In the rodent and also in the human
we have analyzed the effect of anti-T cell and anti-Ia (DR) antisera on
mixed lymphocyte responses, 1e responses to foreign h]stocompat1b111ty
ant1gens

The analysis of cell interaction molecules has focused on the physico-
chemical analysis of helper and suppressor factor molecules, and on the
ability of antisera against cell surface structures to bind and manipulate
the functional reactivity of helper factor molecules. Fina]]y, T cells
specific for HLA-D and DR antigens as well as influenza virus specific T
cells have been formally cloned providing us with an expanded popu]atlon
of homogeneous cells with which to develop anti-idiotype reagents.

Future studies will continue with the development of biological reagents
that recognize cell surface structures and cell interaction molecules, and to
study the effect of these reagents on specific imm.ine responses. :
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A. ABSTRACT

In order to successfully treat individuals exposed to ionizing irradiation
using bone marrow transplantation, ways must be developed that will allow us to

reqgulate both recipient and donor immune responses, and to specifically delete

clones of harmful cells. Under this contract, antibodies are being developed
that recognize specific cell surface structures and receptors as well as cell
interaction molecules. These reagents will allow specific clones, such as
those involved in inducing graft versus host disease in bone marrow
transplantation, to be eliminated, leaving intact the remainder of the immune
system. Furthermore, such anti-receptor antibodies have the property of
triggering certain cell subsets, and this would facilitate the manipulation of
specific clones of cells required for protective immunity to infectious agents.
In our previous technical reports we have been able to show that, in i
animal models, antibodies can be prepared against cell receptors for
histocompatibility antigens. Our current work is focused on applying these

model studies to the human immune system.

Over the past year we have developed in vitro techniques for the analysis

of specific human immune responses to a variety of antigens including influenza

and tetanus toxoid. These in vitro models will allow us to analyse in detail

the effects of anti-receptor and anti-cell interaction molecule antisera on
specific immune responses. Indeed, we report the inhibitory effect of certain
antisera to HLA-DR antigens on tetanus toxiod and influenza virus specific
responses. In the rodent and also in the human we have analyzed the effect of
anti-T cell and anti-Ia (DR) antisera on mixed lymphocyte responses, ie.

responses to foreign histocompatibility antigens.
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The analysis of cell interaction molecules has focused on the
physicochemical analysis of helper and suppressor factor molecules, and on the
ability of antisera against cell surface structures to bind and manipulate the
functional reactivity of helper factor molecules. Finally, T cells specific
for HLA-D and DR antigens as well as influenza virus specific T cells have been
formally cloned providing us with an expanded population of homogeneous cells
with which to develop anti-idiotype reagents.

Future studies will continue with the development of biological reagents
that recognize cell surface structures and cell interaction molecules, and to

study the effect of these reagents on specific immune responses.

B.  INTRODUCTION

The following technical report summarizes the fourth year's progress on 4
ONR Contract N000-14-C-0748 "Immunoregulation of facilitate transplantation and
reparative surgery: development of natural biological agents" which was
jnitiated 15 September 1977 for the purpose of developing a system for :
modifying immune responses without compromising the general health of the ﬂ
individual. The contract title was shortened to "Immuno Regulation” in 1979 to

be more descriptive of the overall project.

s




C.  BACKGROUND

Bone marrow transplantation offers the only hope to victims whose stem
cells have not developed, in the case of children with immune deficiency
diseases, or in cases where the stem cells have been destroyed by chemical
agents or irradiation. In the civilian community bone marrow transplantation
has shown considerable promise in the therapy of severe aplastic anemia, and
has been used in the treatment of malignancy in particular acute leukemia.

In the case of aplastic anemia, patients receiving bone marrow from
histocompatible donors show a 30 month survival of 57% opposed to a 25%
survival of non-transplanted patients. From 20-40% of the grafts initially
fail, usually due to patient presensitization and rejection of the grafts, as

these patients have generally received many blood transfusions sensitizing them

P

to foreign HLA antigens. A variety of complex drug regimens have developed to
prepare the presensitized patient for engaftment.

The most significant complication of bone marrow transplant is the

syndrome known as graft versus host disease (GVHD). The acute form of this
disease is thought to be caused by immune competent T (Thymus derived )
lymphocytes present in the door bone marrow cells used for engraftment. These
cells recognize the hosts foreign HLA (specifically HLA-D) antigens and react
by attempting to reject the host. The severe form of the GVHD reaction affects
virtually every tissue and is usually lethal. The occurrence of GVHD diseaSe
represents the major obstacle to successful bone marrow transplantation among
donors and recipients that are not HLA matched. The major focus of this

contract is to develop ways to eliminate GVHD causing cells from bone marrow,
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and to be able to treat individuals with GVHD using methods to regulate and
eliminate the GVHD causing cells without destroying the capacity of the immune
system to protect the individual. The availability of such immunoregulatory
tools would make bone marrow transplantation a clinically useful form of
therapy in the treatment of irradiation casualties. To develop these
immunoregulatory tools, a basic understanding of the human immune response is
essential.

The immune system has evolved as a complex network of interacting cells

i skt it 1
.
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and soluble factors with the capacity to respond rapidly and specifically to
} virtually all foreign macromolecules (antigens). It achieves this by the very
nature of its composition, a multiplicity of sets of cells (clones) each

specific for an individual antigenic determinant. Superimposed on the

uniqueness of specificity is the ability of different clones to display

different effector functions. It is this that bestows such versatility on the

repertoire of immune responses. Antigen, although responsible for the
induction of clonal expansion is not the only component involved in immune

regulation. Clearly, if totally dependent on regulation by antigen, situations

could arise where the entire immune system was committed. To prevent this
occurring suppressor pathways subtlely interact with inducer populations to
provide feedback inhibition. So not only does the suppressor pathway act on
the inducer population, but in turn requires that population for its

activation. Thus circuits of helper, amplifier and suppressor cells have
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evolved that regulate both specific antibody production and cytotoxicity.

Furthermore, the antigenic specific of the circuits is often the same as that
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of the effector cell or molecule. Indeed, antigen bridging between effector
and regulating cells is one of the major ways by which the regulating cell
selects the appropriate effector cell farget. There is now evidence to suggest
that regulatory cells may mediate their effects by interacting with antigenic
determinants (idiotypes) found on the variable regions of antigen-binding
receptors. The regulation of the immune response through idiotype-anti-
idiotype interactions would take place independently of antigen and, thus,
maintain the immune system in steady state after antigenic stimulation has been
withdrawn. This network of idiotype-anti-idiotype interactions would allow
diverse members of the immune system to be linked so that the activation of one
clone would have far reaching efforts elsewhere within the immunological
network. This is the basic principal of the "Network Theory" postulated by
Jerne. It has been the aim of this project to prepare anti-idiotype antibodies
that mimic these naturally occurring regulatory pathways and to be able to
manipulate the immune system. Such reagents would allow the elimination of
clones, for example, reactive to a particular transplantation antigen thus
allowing transplantation to occur without tissue rejection or graft versus host
disease. The blocking effect would be specific for that clone of cells and
thus other ciones essential for protection against infectious agents would
remain unaltered.

In addition to the specificity displayed by the regulatory cells of the
immune system it has now become very clear that gene products of the major
histocompatibility complex (MHC) are of fundamental importance in cell

interactions. Regulatory T cells are not triggered by antigen in its native
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form, but require a complex of antigen and MHC antigen, such as Ia, (DR in
humans) in order to trigger their receptor. This complex recognition pattern
dictates the genetic restriction seen in many cell interactions and elaborates
the specificity of the regulation of the immune response. So clearly
investigation of the regulation of the immune response must also involve study

of those determinants of the MHC also involved.

D. RESEARCH DESIGN AND PLAN

The development of this research contract has been to facilitate the study
of the regulatory mechanisms of the immune response. The overall research plan

has been divided into a number of areas:

(1) To develop reproducible and reliable in vitro techniques for the study of

immune responses and to investigate methods for the manipulation of these

respone~s,
(2) Prepare reagents (heterologous and monoclonal antibodies) that recognize
cell surface structures (histocompatibility and differentiation antigens) and

interaction molecules (receptors and soluble factors).

(3) Analyze the potential enhancing and inhibitory effects of these reagents
on immunoregulatory circuits. Furthermore, to attempt to characterize cell

interaction molecules using these monoclonal reagents.
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(4) Develop antisera that recognize not just the interaction molecules per se
but the variable regions associated with these molecules that defines their

uniqueness (anti-idiotypic antibodies).

(5) Evaluate the biological activity of anti-idiotypic antisera on cell and

factor mediated immune interactions.

The research initiated primarily using rodent models was planned to

encompass the regulation of primate and human physiology.

E. RESULTS

(1) Development of in vitro technology

The advantages of studying in vitro as opposed to in vivo immune

responses are clear. By their very nature of being in vitro, each of the
parameters can be precisely controlled and the cell types involved clearly
defined. A major focus of our initial work was oriented toward reproducing, in
human the in vitro systems upon which many of the initial observations were
made in animal models. However, the primary sensitization of human lymphocytes
in vitro, using pariculate and soluble antigens, has not been without its
difficulties. Why this is so is unclear, although one of the problems is the
reduced viability of human lymphocytes in culture, and our ability to utilize

only peripheral blood lymphocytes.
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We have been able to develop successful protocols for the in vitro

stimulation of human peripheral blood lymphocytes to a variety of antigens such
as influenza virus, tetanus toxoid, the synthetic polypeptides (TGAL and GAT)
as well as the protein keyhole limpet hemocyanin (KLH). The specificity of
these responses was determined by the incorporation of 3y thymidine following
stimulation with the appropriate antigens. A preliminary report on this has
been published (Lamb et al 1981. Attachment 1). 1In addition, we currently
have a human microculture system for inducing the in vitro synthesis of
influenza virus specific antibody, which can be detected and quantitated by
means of an ELISA (enzyme-linked immunosorbent assay).

As described in detail in Technical reports 2 and 3, the modified
Marbrook-Diener tissue culture system has been used for the production and
assay of human helper factors. We have now adapted this system for the
production and assay of suppressor factor molecules (Kontiainen et al 1981,
Attachment 2). The analysis of these molecules is discussed in Results
Section 4.

The development of these in vitro assay systems has been essential to
provide models of normal human immune function upon which to determine the

activity of anti-receptor and anti-interaction molecule reagents.

(2) Preparation of biological reagents against cell surface structures
and interaction molecules

a) Development of monoclonal antibodies

As described in technical report 3 it was our intention to develop

the capacity to produce monoclonal antibodies using somatic cell hybridization

I
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techniques. Having screened and isolated those antibodies with functional
activity, they were to be injected into the appropriate recipients in an
attempt to generate anti-idiotype antibodies. Indeed we now have stable
hybridomas against the following antigens:

1) Sheep red blood cells
2) TGAL
3) KLH

The cell lines have been expanded to large number and frozen at -1700C
in liquid nitrogen. In addition to these clones a variety of other hybridomas
have been obtained that recognize surface determinants on murine or human
lymphocytes.

1) anti-Lyl hybrids

2) anti-Ly2 hybrids

3) anti-Thy-1 hybrids

4) anti-HLA-A, B and C common
5) anti-human 2 microglobulin

The anti-Lyl and Thy-1 reagents are invaluable as phenotypic markers for
the analysis of lymphocyte subpopulations in the murine system.

We are currently attempting to develop monoclonal antibodies that
recognize polymorphic HLA-DR region determinants, since these molecules behave
as restriction elements and appear to be intimately involved in cell
interaction.

In addition, purified hybridoma ascites for the murine cell surface

antigens 1k and IaS, rat T cell and la antigens have been secured.
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for the analysis of cell interactions. Over the past year we have accumulated
ten monoclonal antibodies against the human DR region molecules. These are

currently undergoing testing in our systems.

b) Functional studies to test the activity of reagents that recognize

cell interaction molecules

i) Mixed lymphocyte response: An assay system for the mixed

lymphocyte response of rat peripheral blood lymphocytes or spleen cells as
responder cells, and spleen cells as stimulator cells has been developed
(Bash et al 1980, Attachment 3). Such an assay aliows the influence of
anti-cell interaction molecule reagents on subsets from different lymphatic
organs to be investigated. The differential effects of two antisera that
recognize rat T cells were assessed in the MLR. One anti-T cell antisera
(W3/25) inhibited the proliferation of the responder cells but the other W3/13
did not, suggesting they recognize discrete T cell subsets one of which is
important in MLRs (ie. specific for alloantigen recognition). This is
supported by the observation that neither antisera inhibited the response to
the T cell mitogen PHA, (Bash et al. 1980, Attachment 3). Furthermore, an
anti-Ia antisera also inhibited the MLR of peripheral blood and spleen
lymphocytes implying either a subset of la bearing T cells are present both
peripherally in the blood and centrally in the spleen, or that the inhibition

is at the level of the macrophage.

i1) Antigen-specific proliferative responses: Having developed an

in vitro system for the proliferative response of human lymphocytes to a
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variety of antigens, it is was used to determine the effects of heterologous
and monoclonal antibodies that recognize DR framework determinants. Both the
rabbit anti-DR and monoclonal anti-DR antibodies were able to inhibit tetanus
toxoid and influenza virus specific proliferation (Lamb et al. 1981,
Attachment 4). Other antisera directed against T cells and 2 microglobulin
have been added to these antigen specific proliferative responses. This work,
in an expanded version, is currently being written up for publication.

iii) Antigen specific helper and suppressor assay systems: Assay

systems have been established in vitro in Marbrook chambers for the analysis of
helper and suppressor molecules. The effect of antisera with the potentiai to
modulate cell interactions can be assessed in two ways. Firstly, they can be
added directly to the culture system together with the helper or suppressor
molecules, and secondly they can be coupled to sepharose beads and the
resulting solid phase immunoadsorbents used to bind the functional activity of
the factors. Results on the reactions of various antisera and helper and

suppressor factor are discussed in Results Section 4).

(3) Development of anti-idiotypic antibodies specific for cell

interaction molecules.

One of the major problems that has hindered the development of
antisera specific for T cell receptors has been the inability to obtain
purified receptor either as an isolated molecule or in situ on the T cell

itse1f. However, with the recent advent of T cell cloning it is now possible
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to obtain expanded populations of homogeneous T cells. We have successfully
cloned influenza virus specific human T lymphocytes (Lamb et al. 1981,
Attachment 1). These clones are now being subjected to intensive analysis of
their specificity and functional properties (ie. help, suppression,
proliferation and cytotoxicity). Expanded populations of the individual cell
types will be used to immunize mice and develop anti-receptor antibodies, which
in turn will be used to generate anti-idiotypic antibodies. In a similar
fashion the anti-DR antibodies and cloned primed lymphocyte typing cells
described in results (Section 2) will be used to develop anti-idiotypic
reagents. Furthermore, these reagents when developed will be assayed on
antigen-specific clonal immune responses rather than the response of
unfractionated peripheral blood lymphocytes and this revealed a much clearer
analysis of the cell types involved.

(4) Characterization of cell interaction molecules.

'Helper and suppressor molecule production and assay systems have been
estab]ished.i vitro in Marbrook chambers for a variety of antigens, KLH, GAT,

TGAL and antigens from pathogenic bacteria such as Streptococcus mutans.

Furthermore, we now have these systems functioning for the analysis of helper
and suppressor molecules derived from mouse, monkey and human lymphocytes.

Much on the nature of the helper factor molecules have been described in
Technical reports 2 and 3. However, we have additional information on specific
helper factor, namely that it contains determinants cross reactive with »
microglobulin (Lamb et al. 1981, Attachment 5). In addition, to analyze the

helper factors that induce B cells to synthesize specific antibody, we have
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partially characterized molecules that suppress antibody production by their
action on helper cells (Kontiainen et al. 1981, Attachment 2). These studies
reveal that suppressor factor:
a) Suppresses specific antibody production at the helper T cell
level.
b) Antigen-specific in its activity
c) Contains Ia like encoded determinants of the HLA-DR region
d) Contains a "constant" region discrete from that present in helper
factor as defined by rabbit anti-helper and anti-suppressor factor

antisera.

F.  CONCLUSION FROM COMPLETED WORK

The research completed to date has provided us with valuable information
on the regulatory mechanisms of the human immune responses. The most
significant advances have been in the analysis of human cellular immune
responses. The development of in vitro as§ay systems and the cloning of
specific human T lymphocytes have provided us with two powerful tools for the
development and functional analysis of anti-receptor (anti-idiotype)
antibodies. Furthermore, our data confirms and extends the importance of D
region encoded products of the MHC in the regulation of human immune responses
at the level of the T cell-macrophage interaction and in the production of
specific antibody. The techniques previously performed for the analysis of the
nature of human antigen-specific helper factors has been extended to encompass

suppressor factor molecules; and the physicochemical properties of these
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molecules has now been determined. Thus, the data generated on this research
contract over the last nine months has significantly advanced our understanding
of the nature of the regulation of human immune physiology. Only now, that our

technology (human T cell cloning and in vitro assay systems) has evolved can we

develop and analyze with any confidence biological reagents specific for cell

interaction molecules.

G. PROPOSAL FOR CONTINUATION

In view of the success in cloning human T lymphocytes and developing

in vitro human immune responses, together with the critical data on the

manipulation of these responses has encouraged us to continue this line or
research. It is now proposed using these advances to further develop reagents
as outlined below, that recognize lymphocyte surface structures and interaction

molecules, and are thus capable of effecting clonal elimination.

Work Plan:

1) Studies on the development of anti-idiotype antibodies to monoclonal

antibodies. During the next contract year monoclonal reagents will be sought

that are capable of blocking specific primed lymphocyte typing (PLT). The

reagents will be used in the preparation of anti-idiotype antibodies.

Dgpending upon the success of this approach, these anti-idiotypic reagents will

be tested for activity against normal immune cells, and for their effect in
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. anmd. 4 hen et Tt Sl o

?
4

-15-
moderating normal immune reactivity. The site of blocking of the PLT reaction
will also be investigated. Similar studies will be performed, as a non MHC

antigen control with influenza clones and monoclonal antibodies.

2) Studies on the development of anti-receptor antibodies to cloned PLT
cells. Rats will be tolerized in utero to human cells, and after birth immu-
nized with cloned PLT cell lines. After an appropriate immunization schedule i
the spleens will be removed and fused with a rat hybridoma line. The resultant
monoc tonal antibodies will be screened for activity against the receptors on
the cloned PLT cells by their ability to block its proliferative activity.

Similar studies will be performed with influenza clones as a non MHC antigen

control.

3) Studies on normal immune responses. The normal human immune response
to a variety of antigens, including influenza, tetanus and other related agents

will continue to be evaluated. The assays developed to test for T cell

proliferation and antibody production will be used to analyze the functional
activity of monoclonal antibodies. The cell populations involved in these
interactions will also be evaluated using the Fluorescence Activated Cel)
Sorter. Furthermore, antigen-specific cloned human T cells will be analyzed
for their ability to synthesize cell interaction molecules and used to generate

anti-receptor antibodies.
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Abbreviations used in this péggg; AET-SRBC, S-2-aminoethylisothiouronium

bromidg~treated SRBC; APC, antigen presenting ce]]; E, grythrocype; E+,
mononuclear cells which form rosettes with AET-SRBC; E-, non AET-SRBC rosette 3
forming cé]]s; FCS, fetal calf sefum; GAT, L-Glutamic acid0: L-Alanine30:
L-Tyrosinelo;'3HTdR, tritiated methy]thymiding; TGAL?,(L—Tyrosine:

L—G]ufamic aéid) Poly DL-Alanine:Poly-L-Tryosine; HEPES, 4-(2-hydroxyethyl)-
1-piperazine-ethane suiphonic acid; HLA, major histocompatibility complex of
man; KLH, keyhole 1impet heﬁocyanin; PBL, peripheral blood mononuclear cells;
PHA; phytohemagglutinin; PPD, purified protein derivative; PWH, pokeweed

mitogen;. RI, reactivity index; SRBC, sheep red B]ood ce]is; TCGF, T-cell growth

factor; TLC, T-lymphocyte clone; T; Tox., tetanus toxoid; HA, hemagglutinin; .

NA, neuraminidase; WP, matrix protein.




INTRODUCTION

The analysis at the molecular level of T-cell interactions in the
regulation_of'immune function reqdires expahded populations of monoclonal
T-1ymphocytes. A number of approaches have been utilized to obtain enriched
populations, for example, antise;a reactive with cell-surface determinants have
defined the characteristics of some_T-]yﬁphocyte éubéeis_Both in mouse (1,2)
and in man (3-5). Using-such antisera, certain T-cell types can be enriched by
either positive or negative selection (6-8), although these techniques fail to

“isolate monoc]onai popu]afions; In another abproach,'somatic cell
hybridizations between normal murine T-cells and thymomas resulting in T-cel
hybrids with specific suppressor (9,10) or helper (11) activity have been

-reported. Hosever, such techniqucs are not sufficiently developed to a]loﬁ the
monoc]ona1.expansion of all T-cell subsets, and are currently not available for
analyzing human T-lymphocyte function. Recently, the recognition that
supernatants from mitogen stimulated lymphocyte cultures (T-cell growth factor,
TCGF) can maintain the growth of T-lymphocytes in vitro (12,13), has allowed
the expansion and maintenance of functional antigen-specific T-cell
subpopulations in long-term culture (14-17). Consequently, in the mouse it has
been possible to prepare antigen-reactive clones of T;cells that recognize
specific alloantigenic determinants (18,19), particulate antigens such as shezp
erythrocytes (20) or soluble protein antigens (21,22).

In the human, the majority of early studies utilized pro]iferation of P3L

populations to antigens such as purified protein derivative (PPD) to analyze

~cell interactions (23,24). More recently, Tong-term cultures of human
T-1lympnocytes whichvaré dependent onn TCGF for continued growth and which are
specific for soluble antigens such as PPD and tetanus toxoid (1. Tox.) have
becn reported by Kurnick et al (25,26). 1t has also been demonstrated thal

human T-cell lines specific for soluble antigens (27) or alloantigens (28) can
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be cloned. .In the studies reported here, we describe the system for the
generation and characterization of T-1ymphocyte clones (TLCs) which have

antigen specificity for influenza viral proteins.
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MATERIALS AND METHODS

Cells. Mononuclear cells from peripheral blood (PBLf viere obtained from
whole blood diluted with an equal volume of RPMI 1640 (Grand Island Biologicals
Company, Grand Is]énd, NY) and centrifuged over Ficoll-Hypaque (Sigma Chemical
Company, St. Louis, MO and Winthrop Laboratories, New York, NY) at 400g for 30
minutes. After washing, the cells were resuspended to 107/m1 in RPHI 1640
medium supplemented with 10% screened, pooled human A+ serum, 2mid L-glutamine,
25mA HEPES buffer, 50pg/ml gentamycin, 25 1U/ml1 sodium heparin, lmM sodium
pyruvate and 7.5% v/v dimethylsulfoxide at 49C. The cells were frozen at
" -10C/min for 20 minntes using a rate-controlled freezer (Crysén, Associated
Biomeaic Systems, Buffalo, NY), then at -500C/min down to -809C. Fellowing
this procedure, the cells were transferred to the vapor phase of a liquid
nitrogen freezer (MVE Cryogenics, New Prague, MN) and stored at -180°C until

required.

Antigens. Attenuated influenza A (A/Texas/1-77/x-"*) and B
(B/Singapore/222/79) viruses and isolated hemagglutinin (A/Bangkok/79) were
kindly prepared by M. Phelan and W.E. Barthlow, Division of Virology, Bureau of
Biologics, NIM, Bethesda, MD. Isolated neuraminidase (Papau New Guinea/1/75)
and matrix protein (A/Bangkok/79) were generously provided by Dr. R. G.
Webster, St. Jude Children's Research Hospital, Memphis, TN. The polymers
L-Glutamic acid50:L-A]anine30:L-Tyrosinelo (GAT) and (L-Tyrosine:

L-Glutamic ‘acid) Poly DL-Alanine: Poly-L-Tyrosine (TGAL; Lot MC8) were
purchased from Miles Laboratories, Inc., MiTes'ResearcE Division, "Elhart INH.
Keyhole liﬁpet hemocyanin (KLH) was the generous gift of Dr. M. Rittenberg,
Portland, OR. Tetanus toxoid (T. Tox.) was purchased from Massachusetts

Biological Laboratorics, Boston, MA.
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Antigen Activation of PBLs. PBLs were diluted to 106 cells/ml in RPMI

1640 (GIBCO) containing 10% screened, pdo]ed human A* serum, 2mM L-glutamine,
25mM HEPES buffer, 50ug/ml gentamycin, 25 IU/m) Ha-heparin and 1lmM

Na-pyrhvate. Cells were suspended with an equal volume of medium'containing
five hemagglutinating (HA) units/ml of influenza A virus. The. concentration of
virus required to produce optimal -stimulation of PBLs, assayed'by |
3HTdR-incorporation, varied for different virus preparations, but-wés always

in the range of 2-5 HA/ml. Hemagglutinin (HA) was used at 0.1lpg/ml,
neuraﬁinidase (NA) at 5x10-4 vol % and matrix protein (MP) at O.lﬁg/ml.

These concentrations were previously determined to produce optima1 .
stimulation. After mixing, 0.2m1 aliquots of tke cell suspensions were plated

into 96 well, U-bottom tissue culture trays (Linbro Scientific Company, Hamden,

) CT) and incubated for six days at 370C in a 5% COp/air mixture.

TRy TP

T-Cell Growth Factor (TCGF). PBLs from screened donors were cultured at

1x105/m] in RP¥I 1640 supplemented with 0.1% purified phytohemagglutinin-P
(PHA-P; Difco Laboratories, Detroit, MI) and 1% autologous plasma (29). After

48 hours, supernatants were harvested, passed through 0.22ym filters and

T

assayed for their ability to support the growth of a TCGF dependent cell line

_as assayed by tritiated thymidine incorporation. Acceptable lots of TCGF were
stored at 49C or diluted as required to 20% v/v in 10%Z AB plasma and
supplemented RPMI 1640.
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Cloning of Influenza Specific Lymphocytqg. After six days culture in tha
f . presence of influenza virus, cells were ﬁérvestéﬂ, resuspended over' 35-40%
Percoll (Pharmacia, Uppsala, Sweden) in 12x75mm sterile test tubes (Falcon

Division, Becton Dickinson and Company, Cockeysville, MD) and centrifuged for




20 minutes at 200g. Cells at the interface were enriched 2-5 fold for
1ymphoblasts and comprised 50-70%.of the cells counted. Blast-enriched
suspensions were diluted to 33 1/3 cells/ml of medium, containing 20% TCGF and
plated in 10kl aliquots in sterile 60-well Microtest II trays (Falcon). Ten
thousand éuto]ogbus cells vere y-ifradiated (2500 rads, 137Cs), édmbfnéd with
optimal concentrations of influenza virus and added to wells containing blasts
in 10u1 aliquots. Cultures vere incubated for seven days in humidified
chambers at 37°C in 5% COé}air after which growing wells were transferred

to fresh medium (0.2m1) containing 20% TCGF, irradiated autologous feeders
(5x105m1) and influenza virus in 96-well flat-bottom trays. Following seven
add*tional’ days of cultures, the clones were transferred to 24 well trays |
(Linbro Scientific Company, Hamden, CT) containing fhe appropriate concentra-
tions of TCGF, autologous feeders and influenza in a total Vo]ume of 2ml.
Cultures received fresh TCGF every 3-4 days alternating with pooled irradiated
feeders (5x105/m1) without virué and were thus maintained throughout the
course of the experiments. Clones were allowed to grow 6-8 days following

addition of feeder cells prior to testing in proliferative assays.

Preliminary Screening for Influenza-Responsive Clones. Individual clones
from 24-well trays were resuspended with a Pasteur pipette and diluted 1:20 in
supplemented RPMI 1640. Aliquots of 0.1ml were added to each well of a'96-wal1
U-bottom tray, each of which had received 0.1m] bf autologous y-irradiated PsL
(2.5%x105/m1) and influenza A virus (5 HA ynits/m]) in 10% A+ serum and
supp]emented.medium. Controls consisted of TLC and influenza without
aﬁto]ogous ﬁBLs, TLC and bBL without influenza, TLC alone and TLC with 107
TCGF. Cultures were incubated for 72 hours followed by an 8 hour pulse with

iuCi of tritiated methylthymidine (3HTdR, New [ngland Huclear, Boston, WA).
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Triplicate samples were harvested onto glass-fiber filters and radiolabel

incorporation was quantitated by liquid scintillation spectroscopy.

'Prolifefation Assays. Five thousand TLC cells in 10% A+ serum and.
supplemented medium were added to 96-well, UQbottom trays in 0.1ml aliquots.
Fractionated or unfractionated autologous PBLs, as a source of antigen

~ presenting cells (APC), were suspénded in medium containing 10% A+ serum and

optimum concéntrat%ons of antigen and dispensed in 0.1m1 aliquots to wells
containing TLC cells. Cultures were incubated fof 12-144-hours, pulsed for-
8-16 hours with 1.0,Ci of 3HTdR and harvested onto glass-fiber filters.
Proliferation, Ss carrelated with 3H-thymidine incorpofation was measured by -
liquid scintillaticn spectroscopy. The resu];s are expressed'as the mean
counts per minute (cpm) + standard efror of the mean (SEM) for triplicate

cultures.

Fractionation of Lymphocyte Populations by Sheep Erythrocyte Rosetting.

Erythrocyte (E) rosettes were formed with sheep red blood cé]]s (SRBC) treated
with AET (S-2-aminoethylisothiouronium bromide hydrobromide, Calbiochem, San
Diego CA) as previously described (30). One volume of packed SRBC was
incuﬁated with five volumes of AET (40.2mg/ml in distilled H>0, pH'9,0) for
20 min at 370C. One volume of PBLs at 107 ce)is/mi was mixed with two
volumes of 2% AET-SRBC and 0.5 volumes of féta] calf serum (FCS). The

suspension vas centrifuged at 250g for 10 minutes, and placed on ice for 60

min. After resuspension of the pellets by gentle rotation, the sepafation of E
rosette forming (E+) from nonrosetting (E-) lymphocytes was achieved by

centrifugation (1500g, 15 min) over Percoll (p=1.080 g/m); Pharmacia). The

E- cells were recovered from the interface and the E¥ cells from the pellet

by lysis of SRBCs with Gey's hemolytic solution (31). The E- cel) population .




contained less than 1% E+ cells. In proliferation assays, cultures wére
reconstituted with 5x103 E-, 20x103 E+, or 25x103 E+ and E- cells.

Comparable cultures were reconstituted with 25x103 irradiated PBL as a source

of antigen presenting cells (APC).

Characterization of TLCs by FACS Analysis. Clone cells were pelleted by

centfifugation at 300g for 10 min at 40C and then resuspended to 107

ice]];/m] in jce-cold supplemented medium containing.lo% FCS plus 1mg/ml1 Na
azide. To 100u1 aliquots of cells, Sui of monoclonal antibody was added and
incubated for 30 min with agitation every 10 min. Following two wasﬁes in cold
- medium, 10u1 of cdunterstaining reagent (either FITC-F(ab')2-sheep

anti-mouse-I1gG, Cappel Laboratories, Cochranville, PA or FITC-conjugated

avidin, see below) was added, incubated for 30 minutes on ice with agitation
and washed twice. Cells were resuspended in 2m1 of medium and analyzed for
fluorescence on an Ortho Fluorescence Activated Cell Sorter, Model 50H (Ortho
Diagnostics, Boston, MA). The murine monoclonal antibodies and reagents used
in these characterizations were: 0KT3,4,6,8 (Ortho); biotin-conjugated Leu
2A,3A,aDR and FITC-avidin and FITC-Leu-1 (Becton Dickinson, Sunnyvale, CA);

oHLA-framework (Bethesda Research Laboratories, Bethesda, MD); FITC-conjugated,

pooled, goat anti-human-Ig (F(Ab')2; Kallestad Laboratories, Inc., Chaska,
MN). ‘ - s
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RESULTS

Cloning Efficiency. Following initial stimulation with virus,

lymphoblasts were placed in Terasaki plates where 12% of the wells contained
growing cells after seven days.'.Since the blast-enriched cells were plated at
one cell every third well, approximately 35% of the total number of seeded
cells proliferated. Furthermore, upon subsequent transfer to 96-well trays,

100% of the clones were still growing after seven additional days in culture.

Preliminary screening for influenza responsive clones. A total of 96

'iﬁdividual TLCs were cultured in the absence of TCGF with autolegous irradiated
PBL; as a source of antigen presenting cells (APC) and theif responsiveness to
influenza A virus was determined by 3HTqR incorporation. In order to
concentrate our efforts on only positive clones, TLCs were grouped into four
categories as assessed by the magnitude (cpm) of the proliferation (Table 1).
The distribution of clones within these categories was as follows: 27 in group
I (1-500 cpm); 27 in group II (500-3000 cpm); 27 in group III (3000-10,000
cpm); and, 15 in group 1V (>10,000 cpm). Since the number of cloned T-cells

added to this proliferation assay was not determined because of the large
numbér of clones being screened, equal volumes were also cultured with TCGF to
give an indication of both the cell number and the proliferative potential of
individual clones. The ratio of the response of each clone stimulated with

influenza in the presence of autologous irradiated PBL to that of the sam=

clone stimulated with TCGF alone was determined and referred to as the

reactivity index (RI):
TLC+ influenza + PBL
TLC + TCGF

Reactivity index =

An index. of one or greater would indicate that antigen specific proliferation

was occurring. The reactivity index of each TLC was determined and placed ir

9




one of three groups, A(0-0.5), B(0.5-1.0) or C ( 1.0), aﬁd correlated with the
location of that clone in Groups I-IV (Table 1), Of the 27 clones in Group 1,
25 were also located in RI group A, 1 in Group B and 1 in Grouﬁ C. In Group
II, however; 26 of the 27 ciones were in Group A with the remaining clone in
Group B. Whereas in Group III the majority of the clones located in R1

Group C, with 4 and 3 clones in Group A and B respectiVe]y. A11 of the clones
" in Group IV were also in RI Group C. By virtue of.their Tocation in Groups .
I-IV and RI Group'A; B or C, the population of clones was divided essentially
jnto positive and negative clones with only a few intermediates. Positive

~ clones were considered to be those in Groups III or IV and in RI Group C.
Negative clones, however, were considered to be thosé in Groups I or 11, and
also 1n RI Group A.

The proliferative response of a se]e;ted grdup of clones is shown in
Table 2. By fulfillment of the requirements outlined above, TLCs 18, 50, 76
and 77 were considered negative, while the remainder (TLCs 6, 24, 37, 53, 71,
69, 72 and 88) were considered positive. From this panel of clones, seven
positive clones (TLCs 6, 24, 26, 37, 53, 71 and 72) and one negative (TLC 50)

clone were analyzed in the following experiments.

Kinetics of TLC proliferation to influenza A virus. The clones selected

from the preliminary screening were cultured with antigen presenting cells and
influenza A for varying periods of time. The proliferative response of Tl.Cs
was determined at 12, 24, 36, 48, 60, 72, 96 and 144-hours after the initi&tion
of cu]turé (Figure 1). Of the positive clones selected, all reached maximum
34-thymidine incorporation by 96 hours. Proliferation at 144 hours was not
significantly above the background response. TLCs 6, 26, 37, 71 and 72
responded optimally between 72 and 96 hours, although the magnitude of the
response varied for each c]one, ranging from 15x103 ¢pm (TLC 72) to 57x103 cpm
(TLC 26). HMaximum incorporation of 3H-thymidine for cloncs 24 and 53

10
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occurred earlier at 36 and 60 hours, respectively (Figure 1?. -Throughout the
tiﬁe course of the experiment, the negative clone (TLC 50) did not proliferate-
significént]y when presented with influenza A. ' ‘

At 12 hours, all TLCs proliferated more vigorously in resbonse to TCGF
tﬁan to specific antigens; However, at 24 hours tﬁe response -to specific
antigen was equal to or greater than that to TCGF alone, and by 72 hours was
5-fold greater than the non-specific response to growth factor. One exception
was TLC 50 which at 144 hours responded much more vigorously to fCGF than to .

specifié antigen, suggesting that the clone was truly negative and that its

- failure to respond did not reflect cell death. Proliferation of TLCs in the :

absence'of specific antigen and}TCGF was also monitored at each time point, and
for the majority of the clones this remained below 100 cpm. TiC 26, however,
proliferated vigorously in the absence of stimulation for the first 48 hours,
and even gt 7é hours gave a count of 640 cpm. This was also observed with
clone 24, but té a lesser degree, with unstimulated proliferation diminishing
by 48 hours.

The maximum 3H-thymidine incorporation varied considerably for..
individual TLCs, considering that an equal number of cells was used in each
experiment. However, of seven positive clones reported in the present study,
broad groﬁping into two catégories was possib]e: those with peak proliferation
in excess of 40x103 cpm (TLCs 6 and 26) and those with 15-20x103 cpm
maximum proliferation (TLCs 24, 53, 71 and 72). There was one intermediate

responder (TLC 37) with a maximum response of 30x103 cpm at 72 hours.

Antigen specificity of T-lymphocyte.clones. The antigenic specificity of

individual TLCs was assayed by culturing clones with autologous PBLs and
various antigens (Table III); A]tﬁough all positive clones (TLTs 6, 24, 26,

37, 53, 71) proliferated vigorously to influenza A virus, cach TLC was also

11
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restimulated by at least one apparently unrelated antigen. Such ancillary

rections were generally less than 10% of the response to influenza A, however,

they were significantly above background controls. To explain these data,

three possibilities secemed evident: a) antigen-specific precursors in the PBL
ﬁresenting population were reacting to these antigens and producing "back

stimulation” via release of growth factors; b) although the TLCs were clones,

they were detecting cross-reactive determinants; or, ¢) the TLCs vere not

| actually clones, but contained cells with other feaction'patterns. He

hypothesized that "back stimulation” seemed the most plausible alternative and

‘reasoned that removal of T-cells from the present1ng cell popu]ation should

eliminate "non-speﬂlflc“ respons1\eness

When peripheral blood T-cells vere removed from PBL by rosetting with
AET-treated SRBC, TLCs presented with antigen by the remaining E~ APC shoved
little or no cross-reactivity; because of the large quantity of'data, t&pical
résu]ts are presented only for TLC 53 (Téb]e-IV). Summary results of antigen
presentation by E~ APC are presented in Table V. Without except%on, TLCs
viere not reactive to unrelated antigens when presented in the absence of
T-cells. | |

In order to define more precisely the antigen specificity of TLCS, clones
were reétimu]ated with viral subcomponents presented by E- cells (Table VI);
data from four clones (TLCs 6, 26, 37 and 71) are shown. TLCs 6, 26, Bi and 71
all pro]iferated when presented with comp]éte influenza A virus (9,843 + 504
cpm, 7,182 + 1,728 cpm, 18,191 + 479 cpm and 8,570 + 2,018 cpm, respectively)
but not influerza B virus. OF eight tested, no TLC responded to hemagglutinin,
TLCs 6 andﬁ37'respoﬁded to matrix protein (4,132 + 751 and 9,752 + 1,677 cpm,
respectively) and TLCs 26 and 71 were stimu}ated by neuraminidase (3,680 + 344

and 5,291 + 1244 cpm, respectively). The negative control (TLC 50) responded
only to TCGF (data not shown). '
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Immunof luorescence Characterization of TLC Surface'Markeré; TLCs 6 and

37, the most reactive clones, were characterized using a panel of monoclonal

. b W medm

anti-T-cell antibodies and the fluorescence activated cell sorter (Table VII).
" Both clones were positive with O0KT3 (panTT-cell) as well as for HLA and DR
antigens. Approximately 50-80% of the cells in_each TLC were reactive with tha

O0KT4 and Leu 3A reagents which allegedly qetect an inducer-helper type marker.

Cells from neither clone were stained by OKT6 (thymocytes), OKT8 or Leu 2A
(suppressor-tytotoxic cells) or anti-slg (B-cells). lntereStingTy, Leu 1, a
pan-T-reagent which is similar to OKT 3, but which detects a different cell

surface molecule, was found on TLC 6, but not on TLC 37. Each TLC formed more
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than 95% E-rosettes.
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DISCUSSION '

The in vitro generation of discrete subsets of human T-cells with
different functions such as help, suppression, cytotoxicity and proliferation
has been reported for a variety of antigens (32-35). Furthermore, it is known
that long-term cultures of human T-cells with specificity for allogeneic
(28,29,36) or soluble antigens (26,27) can be maintained‘usiﬁg TCGF. 1In the
present study we report the generation, maintenance and characterization,of

c]onéd human T-cells that proliferate specifically in response to influenza A

virus.

The unfractionated PBL.from normal donors were scfeened for in vitro, )
proliferative responses to influenza A virus. From a selected high responder,
unfractionated PBL were cultured with a single pu]sé of influenza A virus to
induce blast transformation of T-cells. These cells wére gubsequently cloned
by limiting dilution thus makihg it possible to select for antigen specificity
prior to clonal expansion. This is similar to the approach used by Kurnick:
et al. (25,26), for the induction of hum%n'b]ast cells, which were subsequently
cloned (27). Murine proliferating T-cell clones, selected for antigen
specificity prior to clonal expansion in TCGF have also been reported (22). .
However, contrary to our findings, the proliferative assay in the murine system

required the presence of TCGF. Other technigques have centered on enriching for

- specific cells by repeated antigenic stimulation and culture in the presence of

TCGF (15-17,39). A potential problem with this approach is that the cells that
grow well in vitro in response to TCGF are not necessarily those cells that are

antigen specific.

14
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In the studies reported here, the fréquency of growing clones following l
plating at one cell every three wells, was approximately 35%. Different
plating efficiencies have been reported by different investigators in a varieiy
of systems (27,28,36). We feel that such differences are reflected in the
nature of the antigens used, the présence éf both specific and non—spécific

" recruitable T-cells, quantitative or qualitative differences in the T-cell

subsets found in peripheral blood as compared to lymphatic organs; or merely
variations in technical procedures. Other problems arise from the question of
whether TLCs are actually clones. By Poisson broﬁabi]ities, 99% of the wells
should have contained one or fewer cellsb. This, in conjunction with the
fact that only a subset (35%) of those cells originally seeded produced viable
lines, makes it statistically probable that most TLCs are actually clones. In
this regard, subcloning of TLCsimay resolve concerns regarding the clonal .
nature of TLCs, but in our hands at this time, this has not been technicallg
feasible. '

The preliminary screening of the influenza virus TLCs revealed clear
patterns of responsiveness as determined by the magnitude of the 3H—thymidine
incorporation énd by the reactivity index. ‘The latter was used as an indicator
of the cloned T-cell number and their viability. On the basi§ of these two
parameters, 36.5% of the clones were considered to be pbsitive for influenza A,
10.4% intermediate and 53.1% negative. From these; séven positive c]oneﬁ and
one negative clone were analyzed in detail. The stimulation of the
influenza—vifus induced clones with a panel of unrelated antigens resulted in

significant proliferation of the clone in response to specific antigen.

Additionally, at least one other antigen always restimulated when irradiated 1
autologous PBLs were used as the source of APCs. Three alternatives were

considered as possible explanations of those observations. First, that the TLC

T W

B b Eckels, D.D. and R.J. Hartzman. 1981. Does HLA-D Exist? Human Immunology
) . (Submitted).
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were, in fact, not monoclonal and that cells with other specificities were

present. .Second, that the T-cell clones were monoc lonal but cross reacted with
determinants shared by the other antigens. Third, that within the presenting
PBL population, there was an irradiation resistant cell type capable of
triggering proliferation of the TLC in the presence of unrelated antigen.
Furfhermore, it seemed improbable that all the clones analyzed would have
shecificities that cross reacted with antigens as diverse as influenza B virus;'
T. Tox, TGAL, GAT and KLH. In an attempt to resolve thi; problem, different
fractions of PBL were assayed for their ability to act as APCs. It was
observed that the additicon of an irradiated E-rosette negative fraction
consisting'primari]y of B-cells and monocytes, rasulted in the proliferation o*
TLCs when stimulafed with influenza A, but not when cultured with unrelated
antigen. Thus, the most likely explanation for the apparent cross reactivity
of influenza A specific TLCs was that it was due to the presence of an
irradiation resistant T-cell population which upon antigen stimulation,
released TCGF or other growth promoters which in turn induced nonspecific
praliferation by the TLC. This 5 supported by reports that irradiation
resistant T-cells can release TCGF following antigen stimulation (2¢) and the
observation that allospecific TLCs, which are dependept upon TCGF for growth,
also proliferated in the presence of unrelated antigens and irradiated PBL
(Lamb and Eckels, unpublished observations).

A1l of the reactive clones analysed in this report were antigen specific
in that they responded to influenza virus strain A, the inducing antigen, but
not to influenza strain B or other unrelated protein antigens. Furthermore,
with the use of purified viral subcomponents, neuraminidase, haemagglutinin end
matrix protein, the fine antigenic specificity of these clones was deteriainzd.
Interestingly, of the clones tested here, none reacted with hemagglutinin. In
this regard, it has been reported that mouse T-cells primed with matrix protein
can act as helper-cells to induce antibody vesponse to hemagglutinin (37,3%)

16
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suggesting associative recognition of viral components. However as yet, there
is.no direct evidence that the clones specific for matrix protein which are
reported here can cooperate with B cells in the production and
hemagglutinin-specific antibody. Nevertheless, in view of their association
with the helper/inducer T-cel) subset§ defined by phenotypic analysis (OKT4%,
Leu 3A%) and the observation of Kurnick et al.(27) that antigen'specific

T-cell clones which proliferate strongly are also helper-cells in the

production of antibody, suggests a similar mechanism.

In addition to the abi]ity of thése TLCs to proliferate in response to
influenza A, they are being analyzed for other functions such as ﬁe]p,
suppression and cytotoxicity, with the proviso that culture conditions for the
prodrection of proliferating T-cells may not necessarily be those for the
induction of other subsets wfth different function. Although it appears that- E
human T-cell clones that proliferate strongly in response to specific antigen
also display helper and suppressor activity in palyclonal B-cell responses
(27). This is in contrast to mouse antigen specific T-helper clones which
clearly have different culture requirements than other functiona) subsets
(39). Finally, human antigen specific T cell clones are a powerful tool and

should allow the .detailed analysis of many aspects of lymphocyte interactions,

previods]y impossible with conventional cell culture techniques.
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SUMMARY

Human peripheral blood lymphocytes were primed in vitro with influenza A

virus (A/Téxas/1—77/x—49) and subsequently cloned by ]imitjng diiution in
TCGF. Although 96 TLCs were originally obtained, eight were cHaracterized in
detail. Kinetic experiments revealed that optimal proliferation occurred at
approximately 72-96 hours following presentation of specific virus by
autologous PBLs. The maximum proliferation varied according to the individual
TLC being tested and ranged from 15x103 cpm to more than 60x103 cpm. TLCs
were found fo respond specifically to influenza A virus, not to influenza B,
TGAL, GAT, tetanus toxoid or KLH, and only when antigen was presented by cells |
uﬁab]e to form rosettes with AET-treated SRBCs. Presentation of aﬁtigen (T.
Tox. in particular) by PBLs, often resulted in significant "back stimulation"”,
probably via production of growth factors. In addition, the antigen
specificity of these clones fér viral subcomporents was directed towards matrix
pFotein and neuraminidase but not hemagg]utidin. By FACS analysis, using .
commercial monoclonal anti-T-cell antibodies, two TLCs were QXT3% (pan-T-ceN),
KT4* and Leu 3A* (inducer/helper subset), HLA*, DR*, OKT6-, OKT8-,

Leu 2A- and slg-; only one of the clones expressed the pan-T Leu-1 antigen.
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Legend to Tables

Table 1.

Unfractionated PBL from a high responder wére stimulated wi£h influenza A
virus and cloned by limiting dilution. 96 colonies vere picked and expanded in
liquid culture. A 1:200 dilution of T-cells from each colony were stimulated
with 5HA units/m1 of influenza A in a 72 hours 34-thymidine incorporation
assay in the presence of 25x103 irradiated (2500 rads) autologous PBL

a. Reactivity index = TLC + influenza A + PBL

TLC + TCGF

Table II

Unfractionated P3L from a high responder were stimulated with influenza A
virus and cloned by limiting dilution. 96 colonies were picked and ekpanded in
liquid culture. 5x103 T-cells from 13 of the colonies were stimulated with
SHA units/ml of influenza A in a 72 hour 3H—Thymidine incorporation assay in
the presence of 25x103 irradiated (2500 Rads) autologous PBL. The response
of high and low responder clones is shown. Controls of irradiated autologous
PBL with flu, PWM, and PHA are shown. The values in the parentheses are

standard errors of the mean of triplicate cultures.

Table 111

Unfractionated P3L from a high responder were stimulated with influenza A

virus and cloned by 1limiting dilution. T-cells from B colonies were stimulated

with influenza A (BA units/ml), influenza B (SHA units/ml) GAT (500g/m1), TGAL
(1 mg/m]); T. Tox (0.1 LF/m1) and KLH (801g/m1) together with 25x103
autologous irradated PoL. Stimulation was assessed by the incorporation of
3H-Thymidine in a 72 hour assay.

*Underline indicetes cpm 5-fold or greater over background
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- Table 1V

TLC 53 was prepéred as described in legend to Table II. This table shows
~gae results of experiments in which 5x103 T-cells from TLC 53 vere cultured
with or without influenza A, influenza B, GAT, TGAL, T.Tox and KLH. 25x103
autologous irradiated (2500 Rads) PBL (PBL(IR)), ZOxIQ3 autologous irradiated

- sheep erythrocyte positive (E*) cells (E*(IR)), 5x103 autologous
irradiated E- (E-(IR)) and 20x103 (E* (IR)) and 5x103 (E- (IR))
cells together were used as a source of antigen presentiﬁg cells (APC). The
different fractions of APC were added to 5x103 TLC (clone 53j together with

antigen and the incorporation of 3H—thymidine measufed at 72 hours. The

stimulation of the APC fractions both irradiated and unirradiated by the
antigens alone is shown in the table. Positive responses are underlined.

* Response of TLC 53 to TCGF control.

Table V

kadiid

Unfractionated PBL from a high responder were stimulated with influenza

EEidl e

virus A and cloned by limiting dilution. Cells from 8 TLCs were stimulated
with influenza A (5HA units/ml), influenza B(5HA units/m1) GAT (500 ,q/ml),
TGAL (Img/m1), T. Tox (0.1 LF/m1 and KLH (80ug/m1) together with 5x103

autologous irradiated £~ cells. Stimulation was assessed by 3H-Thymidine‘

B A o L CEE L At

incorporation in a 72 hour assay.

Table VI

TLCs 6, 26, 37 and 71 were stimulated with influenza A (5HA/m1), influenza
B (SHA/ﬁl), haemagglutinin (HA, 0.1ug/m1), néurémﬁnidase (NA, 5x10-4 voi %)
and matrix protein (P, 0.1ug/ml) together with 5x103 autologous irradiated
E- cells. Stimulation was assessed by 3H—thymidine incorporation in a 72

hour assay. Positive responses are underlined.
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Legend to Figures

Figure 1. Kinetics of the TLC proliferation to influenza virus, strain A.
Unfractionated PBL from a high responder were stimulated with
jnfluenza A virus and cloned by limiting dilution. Ceilé (5x103)
from 8 TLCs Qere restimulated with influenza A together with

.25x103 autologous irradiated PBL (0--0). Stimulation was assessed
by the incorporation of 34-thymidine at 12, 24, 36, 48, 60, 72, 96
and 144 hours after *he initiation of the culture. Control -
responses of the colonies to TCGF (+--+) and medium (o--8) are shown
for each clone. Each point represents the mean of triplicate

cultures.
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TABLE 1

T ce]l clones

Distribution of responsiveness of influenza specific

Reactivity Indexa

Proliferative Number A B c
Response (cpm) of clones (0-0.5) (0.5-1.0) (>1.0)
Group 1 1-500 27 25 1 1
II  502-3000 27 26 1 0
I11 3000-10,000 27 4 3 20
Iv'  >10,000 15 0 0 15‘

A}

i . '4- B ". " =3 ) B i
Y W WY T .
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TABLE 11

Distribution of influenza TLC into high, intermediate and low responders

Proliferative response (cpm + SEM) of TLC

Clone - 4+PBL(IR) : .Reactiv%ty
Number +Flu #Fly +PBL(IR) +TCGF Medium Index
50 222(58) 10(2) 24(3) 8492(1126)  39(14) 0.03
76 219(38) 1(1)  15(4) 4870(218) - 15(2) 0.04
18 1280(242) 13(1) 34(3) 4427(689)  17(1)  0.29
77 2105(416) 14(1) 18(5) 5261(754)  13(3) 0.40
69 4136(1068)  14(1)  112(26)  3576(747)  33(5) 1.16
88 4774(365) - 9(3) 26(7) 3753(847)  13(1) - 1.27
6 35149(2394)  23(5)  134744)  10845(152)  17(5) 3.33
24 12005(1883)  18(2)  118(43)  2078(32) 20(5) 5 78
26 14243(3414)  15(2) = 32(6) 3637(954)  17(5) 3.92
37 24534(5897) 16(4)  639(163)  7142(404) 5(1) 3.44
53 27051(4555) 13(1)  1549(335)  7670(1240)  17(2) 3.53
71 32689(7629) 11(4)  2248(392)  7703(490) 37(3) 4.24
72 15567(3059)  18(1) 42(11)  1375(202)  25(1) 11.32
Contrals: PBL(IR)
+Flu +PUM +PHA Alone
11(3) 16(3) 16(3) 8(2)
|
|
|
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TABLE IT1

Response of influenza A virus induced TLC to specific

and unrelated antigens

Proliferative response (cpm) of TLC

Clone Number:

Antigen 6 24 26 37 53 71 72 50
Influenza A 13707* 9549 11935 11049 8130 9475 3191 67
(5HA/m1)

Influenza B 120 33 45 116 59 101 32 55
(5HA/m1)

GAT ) 19 25 25 67 22 68 a0 65
(500ug/m1) '

TGAL 26 18 18 147 33 53 122 298
(1mg/m1) : T

T. Toxoid 424 200 730 985 610 1593 37 64
(0.1 LF/m1)

KUH 61 26 21 68 47 196 42 23
(80ua/m1) -

Medium 21 10 15 14 19 36 - 12 18

TCGF 2197 689 1266 1143 1213 2011 363 1476
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Antigen

TABLE VI

Specificity of TLC responses to viral subcomponents

Influenza A
(5 HA/m1)

Influenza B
(5 HA/m1)

HA
(0.1 pglml)

NA '
(5x10-%va1%)

HP
(0.1 yg/ml)

Med ium

TCGF

Proliferative response (cpm + SEW)

9843(504)

45(8)

70(30)

21(1)

4132(751)

146(45)
4725(395)

Clone Number:

26 © 37 71
7812(1728) 18191(479) 8570(2018)
16(1) 20(2) 24(8)
19(1) 41(5) 28(14)
3680(344) 19(5) 5291(1249)
19(2)  9752(1677) 27(8)
23(3) 30(6) 14(3)
5039(769) 10987(1159) 2761(507)

B e
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TABLE VII

FACS analysis of T-lymnhocyte clones

Monoclonal Clone Number:
_Antibody _6* 37*
HLA +++ +++
framework o
DR +H+ +++
OKT3 ++ ++ '
0KT4 + ’ +
O0KT6 - -
OAT8 - -
Leu-1 +++ +
Leu 2A - -
Leu 3A ++ +++
slg - -

*Fach TLC formed >95% E-rosettes.
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Induction of human antigen-spectie suppressor Bactors in vitro
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SUMMARY

Based onmethods ased for the e cigeanduction of antigen-specitic suppressor celisin the
motses we fine cultured Bacoll sopague-separated human blood cells with bigh dose ot
antey

00 g by m Marbrook caliure vessels tor 4 days The sesaiting cells, whey,
surther recultured tor 24 hr widh a low dose of antizen ¢ wp ). eleased mto the
sapertmatan matenied termed Ssappressor Saetor’s which mbibaaed moan aigen-specthe
pranner. the anttbody response of mows s spleencells incehare: The supprossor factor was
anahvsed usine munoabscrbents, aond was bownd o and ctuted frons speote aatipen.
concanavaltin A and lenn!t jectia, ant-bramoen L antibodies, and arn mouse supjuessor
tactot annibodiess but was not boand o inobodies apnst uman e

INTRODUCTTON

e mpottaloe b antirensspeadic suppressor cells pamicane ey

hlished and
4 unvobveriont m o many hamait diseases B Tong been sispected (reviewed by Giershon, 1674
VoV Lchael & MoeDevito 1977 Waildmaan & RBroder, 1977 S zal 1978 Unid o only non-anty

Laton oweli e

s

apecttic suppressionduced B metogens such as concanas abing AL s wsualiy beea assayed
G oy s o antigen-spedibe tuacions of human Toeells e of mterest and siioald peanit a

understandimg of muany discase states Phis would seppleoment the hnned mformiation

"
s bl from measuning the nambors o circoslating U eells. or the atogente stinalition of | ells.
wresunsets of Feells cannot be distinguishaed.

in the mouse, T ocells mediating help suppression o ovtotonicrty are dastinet celis, cleariy
Ceentinted by surfisce phenetspic matkers treviewed by Cunter & Boysel P76 eldmany, ool

L Surtace structures characterstic ot hoeas Teells have recentiy been described (Moretta er

o7 Strelhanskas er ol 1978 Rawnhierz o al 0 1979y and ther evaluction m functn nad test -

Uihtoretta eral 1977, Ballieux 7 af 07

Pnere s much evidence that antigen-spectfic rurime suppressor cels act s searetad iediaior
- ecues suppressor factors (Kontriinean & Feldmann, 1077 Tada, Tangachi & Ohvmwra, 1977)
“hese dte antigen-specttic and inhilnt helper colls of the same antigenic speciticits . Serotog.aad
sty Bas shown thot these fuctors vy magor bistocomipatibiity comples (AHC) coded
saerrnnanis but lack immunoglobulin Fodererminants, and e Charactenized by fuctor constamt
- oarable’ region determinants defined by rabbat and mouse ann-factor antisera (K onhamen &
Shnann P9S8O0 Feldnmn o uf B0 1977h) Fhe secrcted ane

m-specic suppressor
A0 dTe RO stran- oF species-restricted . g munme suppiossor Factors can be generated m one

Cevrespondonce Marc Feldmann, FORE Tumout Trnmumoloes Lt Denarimient ol Zool gy, Uipversiia
e Londies Gower stree!, Topaoan W TH 6B
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1N Sirhha Kontiamen ¢t al,

st ob gnee ond asaaved onepother and mookey pptessor Backo s s o i e i
el o thontiamen X Feldmann, 190 Fab Kontinnen & Doliner 5070 Phe e
species restiction s also been Shown wtih Remen chaimtor & Beidaana, 170 and e s
b, Rontamen & Debner, B antiecn -pean el

Abcaned with Lictor moleoles ecracted aom el te o adaeral 1977

Gt tors, DUt s et et s

As the importince ol anneen spectic suppiesan sowell doom nred we ot
whether antigen--peatic suppicsaor factors vondd e cenerated from numasn penpioal Bload oo
i tssue culture We here sesoribe the seneration ol suach factors using proten o poluopeiin

cntneens, then oftedis omantbody responses wicao and thar straernnalb cho ot s

MATERIATS AND METHODS

fhenan peripher o Dood PBE - i fear ol Pernpheral blood (20030 miy s cofhoess
hom normal healthy laboratory personnet into heparimzed syrimees or buits cont wede i
Ant-ml unn of fresaly drawn bFepannized blood from the Fainnsh Red Crose Blood Tran oo
Centre acre used  The volation of mononuctaar cells was startesbwathin T dhabortony pore
ar 4 hr chufty coat cellsrarter the Mood was collected Perpherab hiood was tiest dbluted 3 30
coitt cells 13 S phosphate-batlered sahne (PBS oH 7 23 and 40 mt o e iunen ad ot
round-hbotitomed S0-mi centrifueanon tubes Ten mdbizres of Freoll Isopsque on featt 100
(spovr 1077 RBovam, 1968w caretully Tosered at the bottomyand the tubes spun o fone ey
Lor 30 mm at room empesttnre ustine Sorvat RO -3 oran MSE contobuae. Phe el ar the nete
were collecied, washed twace m PBS. and e neebers of viahle colls aasessed ©ane tvpoe o
exchiston The vield of mononuclear cells ranged heiween 0 310 2 WO permlot hioosd Oy e
Froodl Taore e

fuge smcors weve o eaonadi prepaoad sty reoll Baepogue sepanation A
separation about 7 of the collywere aorphedeweddhy sewel hyemphoevies o compared e abe
307 belore Fieodl Tsopauue separation PBE trom labaratony persennct were ehtened valunt o

ted Trom the dented Bload o e

an bt inlormed consent Bully costs are roaninely separ
fonnish Red Cross Biood ranstusion Contre and norrathy used foniterferon prodiction
Liroven The ontigens vaed were keshole funpet hacmocsanin (K1 HD, Chrcken cammu bt

(CGG o terpolymer of pegiutamic ackd™ -1 -alanine " 1-tyrosme™ (GAT, Mides Yoda et 7ree
another anthene pelvpeptde polygr-tvecamesr vintamie aord-palyviogd annane) poiso-ives

tahbreviated «V.G-A- =By and their dimtvo- (DN o tmitre CENP) phenylated denvatines
INP-KTH hedd cight aond DNP-CGGoseven groups of TN or DNP per 107 dafrons, o/
PDNP-GAT and DNP LGN - o zroups of NP per B dalions KT w s hndly ool
by Professor B Rittenbere, Univeraty of Orecond bortland, USA L and tiimtropheny e

provionsty descrtbed tRigenberg & Ambkrant T COG was prepated by amimoniem sulnbee

precipriation o norend cincken seetrr, and dimitrophicnyiated as deseribed by Frsen (j9h
(FO-A- - was kindic donated by Professor Bdna Mozes, Department of Chemeead Tmmuncdog s
Weizmann Institute, Rehovor, Bsrael GAT and ¢ F.GA- -Lwere dimrephenylated as prov e
desomibed (Howie e af L1977

Anvnals Becanse of the fack ol areprodicible mman B eell response system stpprosser L

were e-ted asing spleen cells trom normat CBA or BTO SeSnomace or from CBA moee immunesd
with KT HL INP-KEH or DNP-CGG i rros The TNP-KEH-ammunized nee recenved tive
mtraperitonetbingections ot 100 g of TNP-KT o Freand’s complete adinvant at weekivimtena’s

allowed by three muapesitonead injections ot 100 g of TNP-KUH nosalioe topeiher wath 1
RBord tila pertons oranisme at week v mtervals, DNP-CGG-premed ninee recenad thiee weekh
injection- ot 100 gy ml DNT-CGOG absorbed onto bentomite (Rittenbery & Prar, 19ath, and
K i H-primed ruce three imections of 190 gl of KH i Freuad's complete adjuvant 1
spleens were ased 2 wecks to 2 months after the last antigen injection CRBA nnce bred ot the

Departoent of Bacteriology and Tmmunology . Uiversis of Helsinkiowere maimty veed Fosteng o
GAT or (1G1A- -1 suppresson was uade astng Bitmice frorr the TCRY breeding unit The
unmmuized spee wereabont S months of age when ased. immime mice were 6 S months ofd when
used
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326 Sirk kot Kowinainen et al.

the supersataint with non-absorbed material thlteatey was teben o' Phe bean's were wasbisd four
tmes wih FBS toemos e any unbound ivaricrad and then e d o pivane HOCEbater phi 24
Fhe clisates were diadyvsed agamstsaliov o b C overmebl The absorbed and of aed paternads aere
Aflipore tltered . shauoted aud qored o 2t

RESULTS

Effecrs of fnanas SE o poamery and ~ocondas s artiba U resporises i siio

Mouse antigen-spootte SEocan dimmnsh both pomaes wnd sceondary arnnedy responses

Phos the eflects on prmiaiy and secondary rosporiaes of ivoman SE ware cscertiamed The e o

Table and By Duanghunuan KL EUGoeN- - F on GAT-speahio seprress o factonsande, ot
¥ k i

humes SE abrogate primancs and secondivy antbaody responses by mouse spleen ceils etheen s

vate g h \ ) ! ;
Table L Speaificiny of htman suppres.o Nacion

Samuhus [ NCYRRINY
- : - At -DNPANLC oG

Helper Sprivirn Artiren SUpPTOen
i celis N 1A Tt
Fapt g }
INPRIEH AR 44 34
N . INTENET R IEAREREN
HCw 0 . (IR LN N Flost oy 27 IR YN
ey + INP-KIH HuSEaprn s S04 - Se TN
HCun ’ INP Kt RS AN ST dipe 22 BRE I TN
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HC + DNPGAT HuSEF 1oy 1240+ 22

Tn Fapt AL hunun KEH spectic suppresaar tactor (HoSExm or BISA (3Ry St
(MSH o at o tmad concentration of S or 0% was added 1o 3 107 apleen cells trom mice
primed with NP-FH and cultured withoat added antrigen (hine 1 backgroundyor with 067
grrwell of TNP-REH m the absence fresponse. line 2V or presence of SE i dines 3 6) I
ather expermments SEwere added o the mture of 32 10  nylon wool-passed spleen el fron:
CBA mice mymunized thirve tintes with 100 e of KEH i Brcand's convplare aduvant thetper
cells, HO and 3 - (0% anns Fhy 1 2 treated spleen cells from nocs immunized three tinwes with
DNP-CGO an benterite (B eelisy The stimobation was with o) g mbof TNP-K1 H mierther
i the absence oFHO o with odided BC i the sheence of SEorwith ST added (oM oand TeC
anti-DINP ARC woereassaved on dan Cor o AlTcultures were sturted m tiipheates !

Lo Fapt B, 3108 G o0a o of BIo origin were added o 3 H" normal Rlo ce's
togethey wrth g mbol DNPCE G A F i the poesenee ot absence of 3 dinad concanta
onto! numan SEa oy s el iran s mror St (HuSEaan

Inl e TL0T IO g ot CBA ongErn wers wded 1o 3010 parmal CRA \I‘ll'L‘” cells

together with 1 g i of DNP-CLAT i the presence on absence 37 thnal concentration) of
Fman St or Shop o 0 The same SE preparastions as i Bxpt B were used
o bapt Rand C LM Moant-DIND AL Cregponses were measured eandan d ot the culune b

the cnltsres were started o tnpheates Three other expermments gase siiiar results

Zay




Human aptiscn-spectfic suppression
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ATTACHMENT NO. 3:

Presented at the "Third International Workshop

on Alloantigenic Systems in the Rat" - June 1980,
Philadelphia, PA.

INHIBITION OF MIXED LYMPHOCYTZ RESPONSE BY MONOCLONAL ANTIBGDIES SPECIFIC FOR
RAT LYMPHOCYTE SUBSETS

J.A. Bash, S. Shapiro, L.E. Adams and J.N. Woody. Immunologic Oncology
Division, Lombardi Cancer Center, Georgetown University Medical Center,
Washington, D.C. 20007. .

Monoclonal antibodies specific for rat lymphocyte membrane antigens have
been produced by fusing mouse myeloma cells and spleen cells from mice
inmunized with rat cell membrane antigens (Williams et al. Cell 12:663, 1977).
These reagents have previously been shown to be useful in defining functional
subsets of cells involved in the generation of mixed lymphocyte responses (MLR,
Webb, et al. Nature 282:841, 1979). In the present study antibody produced by
clones %3713 and W3/25 (a2nti-T cell) and 0X3 (anti-Ia glycoprotein) were adced
at the start of culture of F344 (RT1%) responder spleen cells or peripheral
blood lymphocytes with BM (RT1?) or DA (RT123V1) stimulator spleen cells
(2000 R irradiated). MLR responses 2%t 120 hr were determined by 3H-thynidine
incorporation (18 hr pulse). Responder cells were simultaneously cultured with
phytohenagglutinin (PHA) in the presence of antibodies and assayed ror
gH-thymidine incorpcration at the end of 72 hours.

In agresment with the results of Yebb et al. (Nature 282:841, 1979) W3/25
antidbedy was highly inhiditory to MLRs (1007 inhibition at 50 nz/ml) while
W3/13 failed to inhibit even at 50 mg/ml. Interostingly, OX3 antibody specific
For rat Ia zntigen was as strongly irhibitory 2s W3/25. It has previously been
shoun that %3/25 acts on the responder cell without being eytotoxie. Since 0X3
antibodv has been shown to bind to cells of RT1)! rat strains but rnot to BM
(P37 or DA {RT3%') it may be presumed that the responder cell is also the
target for the OX3HL inkhibition. WNeither W3/25 nor 0X3 antibodies inhibdited
the polyclonal T cell response to PHA at 100 times the concentraticn at which
the MLR was inhibited, suggesting that the mechanism of inhibition is specific
for alloantigen stimulation. Since Iz antigen specific for 0X3 antibody has
not been previously detected on peripheral T cells these results suggest that
the target for the inhibitory effect is either a very small subpopulaticn of T
cells bearing Ia-associated receptors for stimulation or an Ia-bearing macro-
ph2ge required for antigen presentaticn. Atteapt to identify the functicnal
subpopulation are undersay.




ATTACHMENT NO. 4

Abstract: Fed. Proc. 40, 1033, 1981 - Presented at the FASEB meetings,
Atlanta, Georgia, April, 1981

45353 POMUNOLOGY

TIENIDITEON OF XL PROLIFERATIVE RESPONSES TO ANIICKNS AND
NHITOCENS BY IRRAD ALION AND ANTL DR ANTIZOMMES. J.R.Lawb*,
K.Brunsuick® E.Nsttutar®,and J.N.¥oody. Ceorgetovn Untversity
School of Medicias, Vashington, D.C. 20007
Dose respoase and kinetic studles wvera parforzed to écfine
condittons under vhich optiamal proliferaiiva responses to .
Influanza virus (I¥),tatanus toxold (IT) and pokevesd nitozen
(P could ba odtalaed in vitro froa huzan peripieral Blood
wononuclear leckinytes (PBM).For IF and IT separation of PEM
1ato sherp erythrocyte (E) rosette posttive (E*) and megzative
{&7) pojulations aud frradiatlon prior to reconstitutioa
revealed that the proliferativa c2ll was EF but zequired
the presence of an Ecell to respond. Irradlatfon of EF cells
1o excass of 300R cliolnated the respjonse, vharess Jictle
eflect vas apparent evea vhen the E- populatlon had been
frradfated vith 3000R prior to recoastitutlon. The P
piuliferative response was predoxinatly that of ' cells,
houever adlitlon of E~ radlatlon resistaat cells enhanced
the response, The addicisn of radbit antl-hunan Va{p2),30)
or a tondclonal anti~-DR framawork (PA2) antibodies Sn
contraat to conlrol antisera fahibdited the proliferative
respaase. These vesults suggest that the proliferative
gesponse to particulate (XF) ond soludle (TT)aatigens as well
as nltozans requlte the presence of rvaliation sensitive
EY cells 23 vell as radfation resistant I~ cells.The fohi—
3 H bition of responses with antfi-DR antibolies nay suzgest that
! essential cell Interacelans or factors are belng dlocked.
E (Supported by CXR contract KO0O-14-77-C-0748).
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ANTIGEN SPECIFIC HELPER FACTOR REACTS WITH ANTIBODIES
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SUMMARY

Antigen specific helper factor was induced in vitro from lymphoid cells of |

monkeys and mice using an ahtigen derived from Streptococcus mqtans; Helper

activity was removed from supernatants of monkey cells by affinity
chromatography on Sepharose-43 insolubilized antiﬁodies specific for human
(Zg—microglobu1in (H‘42M)5 prepareq in chicken, rabbit and rat. Also an
iﬁsolublized monoclonal mouse anti-qBZM antibody bound monkey helper factor
activity. However, guinea pig antibody to human,&zM was inactive. In
parallel studies, the pattern of absorption of mouse helper factor (HF) was
different from the monkey, in that, insolubilized guinea pig anti-HfbM bound
helper factor, whereas rabbit and monoclonal anti-HFgM failed to do so.

Although these findings are not compatible with an intact/gzM chain

.being present in helper factor they may imply a cross reactivity of/gzM with
a "constant region" of helper factor which may share common sequences with
PZM. This may suggest that factor genes have evolved from the same ancestral

genes as sz-
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INTRODUCTION

The regulation of immune responses is mediated by a complek network of
interacting cells, which either augment or suppress the overall response. Cell
to cell contact does not appear to be an essential stép for some pathways
in vitro, and immqno]ogica] regulation can be mediated by soluble factors which
can be antigen specific (1-6) or non-specific (7-9) in nature, There is
evidence that both these classes of factors may carry determinants encoded by
genes mapping in the I region of the murine major histocompatibility complex
(MHC), or in the analégous HLA-D region of the human MHC (10,11).

We have recently described an antigen specific Helper factor (12) induced "
in vitro from the peripheral blood ]&mphocytes (PBL) of rhesus monkeys or from
mouse spleen cells, upon stimulation with an antigen derived from fhe .

cariogenic bacterium Streptococcus mutans (SAI/II; 13,14). This helper factor

had functional and biochamical properties identical to those described for
specific helper factors which augment B cell responses to determinahts on
proteins or po]ypeptides (5,15). We report here the reaction of functionally
active monkey (MHFsapsy1) and mouse (HFsa1/11) helper factor with purified
anti-Hsz antibody pfeparations raised in different species and a monoclonoal
antibody that recognizes humanl&g microglobulin (WFZM)' The implications

for factor structure are discussed.
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MATERIALS AND METHODS

Animals: C€5781/10.BR '(B10.BR) mice bred at Guy's Hospital from breeding
stock obtained from Imperial Cancer Research Fund Breeding Unit, Mi1l Hill,
London and aged between three and six months were uséd for spleen cell

cultures. Rhesus monkeys (Macaca mulatta) aged between two and three years and

weighing 2 to 3.5 kg. bled from the femoral vessels provided a source of PBL's.
Antigens: SAI/II was prepared from the culture supernatant of

Streptococcus mutans (Serotype c; Guy's strain) as described in detail

(13,14). Briefly, an ammonium sulphate pfecipitate was collected, redissolved
and separated on a DEAE cellulose column. The eluted antigen was further
purified on Sephérose 6B (Pharmacia, Uppsala, Sweden) and characterized as
showing a single band on sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). The antigen consisted predominantly of protein
with an apparent molecular weight of 185,000 daltons. Keyho]g'limpet
haemocyanin (KLH) was the gift of Dr. M. Rittenberg, Portland, Oregon.
Dinitropheny]atéd SAI/II (DNP-SAI/II) prepared as previously described (12)
using dinitrofluorobenzene had five groups of DNP/100,000 daltons.

Tissue Culture Media: Cell suspensions were cultured in Hepes

(8-(2-hydroxyethy1)-1-piperazine-ethane sulfonic acid) buffered RPMI 1640
supplemented with penicillin (100 IU/m1), streptomycin (100 IU/m1) and 5% fetal
calf serum (FCS; Gibco, Paisley, Scotland). The outer compartment of
Marbrook-Diener tissue culture flasks and Costar plates (Bellco Glass,
New Jersey) were filled with bicarbonate buffered RPMI 1640, supplemented with
5% FCS and 5 x 10~M 2-mercaptoethanol.

Antisera: Chicken, rabbit, rat, and guinea pig anti—Hng antisera were
prepared by immunizing groups of animals (50-200f«g/kg) intramuscularly with

HEoM in complete Freund's adjuvant followed by three weekly boosts in
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incomplete Freund's adjuvant until a strong response was detected by
radioimmunoassay (16), with quM purified from the urine of patients with
Willson's disease (17). Monoclonal anti-ﬁﬁzM vas prepared from a hybr{doma
culture kindly supplied by Ceppellini and Trucco (18) which was produced by'
fusing BALB/C spleen cells previously immunized with human PBLs with the |
plasmacytoma as described by Kohler and Milstein (19). Positive clones were
identified by the binding of superratant immunog}obulin to human lymphocytes
but not to human erythrocytes. Confirmation of anti-HFQM activity was

obtained by the direct binding of supernatant immunoglobulin to wells of

microtitre trays coated with human,?gM {Sanderson, unpublished).
Immunoglabulin having anti-HFZM activity was purified from sera by absorption
and elution from HFZM columns consisting of the pure protein bound to
activated sepharose 4B (Pharmacia, Uppsala, Sweden), using 3M sodium

thiocyanate (NaSCN) or 0.5% acetic acid as eluent. Purity of Hng or

antibody was confirmed by SDS-PAGE and isoelectric focussing.

Preparation and use of immunoadsorbents

The antigens, SAI/II and KLH, and the anti-H M antiseré vere coupled to
cyanogen bromide activated sepharose 4B. The purified proteins were coupled at
lmg per ml of adsorbent. Before use the immunoadsorbents were washed once with
31 NaSCN followed by three times with phosphate buffered saline (PBS). For
absorption, factors at a dilution of 16-1 were used in the ratio of 1ml of 1
factor to 1ml of beads. After mixing for two hours at 49C the unbound
material was recovered by centrifugation, millipore filtered aﬁd stared at

-200C until used. The beads were washed five times with PBS and the bound

material eluted from the beads by washing with 34 NaSCN in the ratio of lml per
ml of beads. The eluted material was diluted with an equal volume of PBS,
dialyzed against saline for 24 hours, millipore filtered and stored at

-200C. The absorptions were carried out on more than one occasion using the




same.batch of helper factor. In addition other absorptions were performed with
a fewer number of immunoadsorbent preparations, ﬁsing four different batches of
helper factor. The pattern of reactivity was consistent within each species.

The preparation and assay of helper factors

The preparation and assay of the helper factors was performed as
previously described (12). Briefly, mouse (B10.BR) spleen cells or monkey PBL

at 15x106 and 5x105/m1 respectively were primed in vitro in Marbrook-Diener

flasks with 0.01rg/m1 of SAI/II for four days to induce helper cells. These
cells were harvested, washed and restimulated with O.Irg/ml of SAI/II for 24

~ hours and the cell free supernatants (helper factor; HFgppy11 and

MHFSAI/II) vere collected. HFspy/p and MHFsyy/p; at a.final

concentration of 10“3, the previously determined optimum concentration for

all batches tested so far were assayed in Marbrook-Diener flasks or Costar
plates in the presence of 107 or 5x106 unprimed (input)-BIO.BR spleen

cells, respectively, and O.Irg/m1 of DNP-SAI/IT (12). The anti-DNP antibody
forming cells (AFC) were assayed on day 4, using the modified Cunningham assay
(19) using DNP-Fab coated SRC and uncoated SRC. DNP specific plaques were the
difference between the two. Since unprimed spleen cells were used, only IgM
AFC were detected. A1l cultures were carried out in triplicate and assayed
separately. Within each experiment the numbers of AFC in each group were
compared to a background of the response of 107 or 5x106 unprimed B10.BR
spleen cells to 0.1/~g/m1 of DNP-SAI/II.

RESULTS

Antigenic Specificity of Helper Factor: Immunoadsorbents were used as

probes to examine the antigenic specificity of helper factors used prior to

their further characterization. The activity of monkey and mouse helper




factors induced with the antigen SAI/II bound to immunoabsorbent columns of
SAI/IIl and were eluted with NaSCN. However, the activity failed to bind to

columns of the unrelated protein antigen KLH (Table 1).

Reaction of helper factor with insolubilized anti-H§2)~microglobu1in

ant ibody | |

Tﬁe reaction of MHF with immunoadsorbents comprising of affinity purified
heterologous antibodies to HfZM’ and a similarly purified monoclonal antibody
to HFQM are shown in Figure 1. The activity of MHF could be absorbed by and
eluted from the chicken, rabbit, and rat as wall as mouse monoclonal
anti-HPQM columns using 3M-NaSCN. 1In addition, it has been found that MHF
couid be competitive’ly eluted from monoclonal anti -H{igM columns with pure
PZM (Zanders, Lamb and Sanderson, unpublished observation). Guinea pig
anti-wgzﬁ immunoadsorbents did not react with determinants present in monkey
helper factor.

Analogous experiments were performed using SAI/II specific helper factor
from B10.BR mice (Fig. 2). The experiments revealed that anti—ﬁfzm likewise
bound helper activity, but the pattern of absorption was different from that
obtained when monkey factor was reacted with the same immunoadsorbents. The
functional activity of mouse helper factor was absorbed Ey.co1umns containing
chicken, rat and guinea pig anti-qﬁéM antibodies. The latter is contrary to
that observed with monkey factor; similarily the inability of monoclonal
anti—Hsz to absorb mouse helper factor. The rabbit anti—JV@M antibody

also failed to bind the activity of mouse HFgpy/11-
DISCUSSION

Antigen specific factors have been reported to react with antisera

specific for immunoglobulin variable region idiotypes (11,21) and framework
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(Fv) structures (22). Furthermore, antisera directed against factors have been
reported which recognize determinants linked to the functional type of factor
(e.g. helper or suppressor) but not to determinants related to the specificity
or mouse strain of origin of the factor (23). These sites of cross reactivity
were termed "constant regions® (23). Neither HLA (heavy chain) determinants in
man (Lamb, Zanders and Sanderson, unpublished observqtion), nor those of H-2K
or D regions in the mouse (5,24) have been found on factors.

The results presented here demonstra;e absorption of the activity of
monkey antigen specific helper factor by chicken, rabbit, rat and monoclonal
(mouse) antj-Hsz antibody, vhereas guinea pig anti—ﬁpzﬂ did not recognize
determinants in monkey helper factor. The absorption capacity of the columns
was high since 1lmg of purified anti—WQZM was used to adsorb 1ml of helper
factor diluted 1071 in all cases and, thus the failure of guinea pig
a"ti-W32M to absorb monkey HF is not likely to be due to inadequate
absorption capacity. This was verified by the fact that the column absorbed
all of the mouse HF (Fig. 2).

Mouse helper factor also reacted with anti—H/ﬁM antibodies, but with a

different pattern of binding as compared to monkey helper factor. Mouse helper

factor bound to chicken, rat and guinea pig anti—ll{f;;M but not to rabbit or
monoclonal anti—Hsz antibody. The activity of the latter reagents were
verified by their capacity to react with monkey helper factor.

There are severé1 possible explanations for the failure of guinea pig

anti-humanfzzm to bind monkey factor or for rabbit anti—hunmrlng to bind

mouse factor. The amino acid sequences recognized in human/}zM by quinea i

| TN O

pigs may not occur in monkey, if they do occur then they may be obscured by 4
other protein chains in the total moiety which comprises active helper factor. ]

Indeed tertiary structural features within the{le like molecule occurring in
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helber factor may similarly explain the failure of guinea pig anti humanf»ZM
to behave as other mammalian anti—human(lgm reagents do. It has also been
found that a determinant on free humanF oM caniot be detected in the intact
HLA molecule. (A. R. Sanderson, personal communication). Similar
considerations apply to the rabbit anti-human/&zM to bind mouse factors. The
case of féi]ure of monoclonal mouse anti—human(&zM to bind mc .e helper
factor however is different. No mouse immune reagent is likely to bind to a
mouse‘gzM component in mouse helper factor becausiﬁ 2M is monomorphic
within‘all species even in mouse where it has been claimed to be dimorphic
(25) the dimorphism is not across the mousn strain differences used in this
study (Ea]b/c for monoclonal reagents; BLOBR for tactors).

The results are reminiscent of observations on allogerieic effect factor
(26), although the serological evidence for the presence of/32M determinants
was less unequivocal in this earlier study, since whole anti1ﬂ2M antisera
were used, and absorption data with purified antibody was not reported. It
remains to be determined whether/?zM cross reactivity is a property shared
also by helper factors which lack antigen specificity in additiﬁn to the
antigen specific factors reported here. Furthermore, a factor reaclive with
anti—PQM antibodies has been reported that specificity suppressed IgE
antibody production (27). The antigenic similarity betweenfizm and helper
factor led us to test the possibility that intact HFQM may directly stimulate
antibody production by mouse spleen cells either alone ur in the presence of
specific antigen. However, no effect was found upon adding HFZM at
concentrations from 0.0l—l.Org/m1. (Data not shown.)

There are a number of possible interbretations which can be drawn from our
data. The different patterns of binding between the two factors imply that an
intacti}zM chain is probably not present in factors, since it would have been

expected that all sera to H2HM would bind monkey helper factor. Although
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there is no precedent for the production oft?gM chain fragments, it is.
possible that helper factor contains a portion of the‘?zM chain, or that a
po]ypeptideAregion is shared by‘ZZM and helper factor. The latter
interpretation appears to be more likely in view of the evidence thétfle
shows sequence homology with the Cy3 domain of IgG and serological cross
reactivity suggests that helper factor contains a'region analogous to an
immunog]obu]in Cy domain. This concept is compatible with evfdence that some
factors bind to protein A (M. Cecka and R. Cone, personal communication) and
with certain anti-Ig reagents especially anti-Igh (1,5,15).

Factors contain a variable region which is "immunoglobulin-1ike" bearing
Ig idiotype and Ig framework (Fv) determinants (22). Since anti—Hsz does
not react with immunoglobulin {Sanderson, unpublished observation), it is
unlikely that the anti-HPgM antibodies are reacting with the variable region
of helper factor. Thus the reaction is presumably with the “constant region"
of factors (23) and this reactivity with anti—HFgM may thus be a reflection
that the origin of the genes controlling factor "constant regions" may be
products of the same ancestral genes that gave rise to(%zM.

Clearly further work is necessary to clarify the prgcise nature and
function of these regulatory factors. Meanwhile reagents based on monoclonal

antibodies having defined specificity offer considerble promise in purification

procedures.
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Legend to Tab\e_l

*  Mouse (HFsapypp) and monkey (MHFgap/pp) helper factor induced with
SAI/II were cultured at a final concentration of 10-3 with 107
unprimed B10.BR spleen cells in the presence of 0.£rg of DNP-SAI/II for

four days.

**  Background response of 107 unprimed B10.BR spleen cells to O.Irg./m'l of
DNP-SAI/II without added helper factor.

i Aot et i At R e i A A
A ‘

*x*  Response of HFgaysyy and MHF;a1/11 cultured with 107 unprimed
2 § B10.BR spleen cells without added DNP-SAI/II.
b

Students t test was used to assess the significance of treated as
compared to untreated helper factor. n=6, A,PL0.05; B,pl0.01; ¢ L
p 0.001.

Six other experiments gave similar results. None yielded contrary

 findings.
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Antigenic Specificity of Mouse and Monkey Helper Factor

TABLE 1

STIMULUS®

Antigen
DNP-SAI/II

+

+

Immunoadsorbent

KLH bound
+ unbound
SAI/II bound

+ unbound

KLH bound
+ unbound
SAI/II bound

+ unbound

" RESPONSE
Anti-DNP AFC/culture + SE

- 97+417C

47+412™*
3046***
470+57

80+17C
350+70
410445
274120

60+21*** ’
640+21 |

480+717 l
527+41C
107+20C




TABLE 1

Antigenic Specificity of Mouse and Monkey Helper Factor

STIMULUS™ ~ RESPONSE
HF Antigen Immunoadsorbent Anti-DNP AFC/culture + SE
DNP-SAI/I1 | a7+12**
HFSAI/II. - | - o -3016***
+ | + - 470+57
+ : o+ KLH bound , 80+17C
+ + + unbound 350+70
+ + SAI/1I bound 410+45
+ + + unbound | 27+412C
MHF SAT /11 | - - 60+21***
+ + - £4Qi21
+ + KLH bound - 97+17C
+ + + unbound _ 480+71A

+ SAI/1I bound 527+41C
+ + unbound 107+20C




Legend to Figures

Figure 1. Reaction of monkey helper factor with anti-human[&z microglobulin
antisera.

Monkey helper factof (MHFsp1/11) induced with SAI/II was added at a
final concentration of 10-3 to 107 unprimed B10.BR spleen cells in
presence of O.Irg/mI of DNP-SAI/II. Cultures were performed in Marbrook
flasks. Anti-DNP AFC were assayed on day 4.
MHFsa1 /11 was bound and eluted (3M-NaSCN) from Sepharose 4B columns
anti—HFzM from which antisera had been insolubilized at Img/mi.
Background is the response of 107 unprimed B10.BR spleen cells to
0.1rg/m7 of DNP-SAI/II without added helper factor. Students t test was
used to assess the significance of treated as compard to untreated
MHFsa1/31- n=6, A, P<0.05 B, P<0.01; C, P<0.001.

Two other experiments gave similar results.
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Figure 2. Reaction of mouse helper factor with anti-human » micrbg]obu\in
‘antisera, .
Mouse helper factor (HFSAT/II) was assayed at 10~3 final concentration
on 5x10° unprimed (input) B10.BR spleen cells in Costar plates in the
presence of O.Irg/ml of DNP-SAI/II.

For absorptions, background and p values, see legend to Figure 1.
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ANTIGEN SPECIFIC HELPER FACTOR REACTS WITH ANTIBODIES
TO HUMAN [52 MICROGLOBULIN 1
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SUMMARY

Antigen specific helper factor was induced in vitro from lymphoid cells of

monkeys and mice using an antigen derived from Streptococcus mutans. Helper

activity was removed from supernatants of monkey cells by affinity
chromatography on Sepharose 4B insolubilized antibodies specific for human

(Lz-microg’lobu'lin (H(’ZM)S prepared in chicken, rabbit and rat. Also an

insolublized monoclonal mouse anti-—HﬁzM antibody bound monkey helper factor
activity. However, gquinea pig antibody to humanl&zM was inactive. In
parallel studies, the pattern of absorption of mouse helper factor (HF) was ‘ |
different from the mpnkey, in that, insolubilized guinea pig anti-HPgM bound
helper factor, whereas rabbit and monoclonal anti-H{SzM failed to do so.
Although these findings are not compatible with an intact/i oM chain
being present in.he'lper factor they may imply a cross reactivity oszM with
a "constant region” of helper factor which may share common sequences with

{,ZM. This may suggest that factor genes have evolved from the same ancestral !

genes as sz-
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INTRODUCTION

The regulation of immune responses is mediated by a comp]ex ne;work of
interacting cells, which either augment or suppress the overall response. Cell
to cell contact does not appear to be an essential stép for some pathways
in vitro, and immqnologica] regulation can be mediated by soluble factors which
can be antigen specific (1-6) or non-specific (7-9) in nature, There is
evidence that both these classes of factors may carry determinants encoded by
genes*mapping in the I region of the murine major histocompatibility complex
(MHC), or in the ana]égous HLA-D region of the human MHC (10,11).

We have recently described an antigen specific helper factor {(12) induced

in vitro from the peripheral blood lymphocytes (PBL) of rhesus monkeys or from
mouse spleen cells, upon stimulation with an antigen derived from the

cariogenic bacterium Streptococcus mutans (SAI/1I; 13,14). This helper factor

had functional and biochemical properties identical to those described for
specific helper factors which augment B cell responses to determinaéts on
proteins or po]ypeptides (5,15). We report here the reaction of functionally
active monkey (MHFsa1/11) and mouse (HFsa1/11) helper factor with purified
anti—Hsz antibody pfeparations raised in different species and a monoclonoal
antibody t_hat recognizes humanlzg microglobulin (H/le). The implications

for factor structure are discussed.
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MATERIALS AND METHODS

Animals: C5781/10.BR "(B10.BR) mice bred at Guy's Hospital from breeding
stock obtained from Imperial Cancer Research Fund Breeding Unit, Mill Hill,
London and aged between three and six months were uséd for spleen cell

cultures. Rhesus monkeys (Macaca mulatta) aéed between two and three years and

veighing 2 to 3.5 kg. bled from the femoral vessels provided a source of PBL's.
Antigens: SAI/II was prepared from the culture supernatant of

Streptococcus mutans (Serotype c; Guy's strain) as described in detail

(13,14). Briefly, an ammonium sulphate precipitate was collected, redissolved
and separated on a DEAE cellulose column. The eluted antigen wa: further
purified on Sephérose 68 (Pharmacia, Uppsala, Sweden) and characterized as
showing a single band on sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). The antigen consisted predominantly of protein
with an apparent molecular weight of 185,000 daltons. Keyholé limpet
haemocyanin (KLH) was the gift of Dr. M. Rittenberg, Portland, Oregon.
Dinitrophenylated SAI/I1 (DNP-SAI/II) prepared as previously described (12)
using dinitrofluorobenzene had five groups of DNP/100,000 daltons.

Tissue Culture Media: Cell suspensions were cultured in Hepes

(8-(2-hydroxyethy1)-1-piperazine-ethane sulfonic acid) buffered RPMI 1640
supplemented with penicillin (100 IU/m1), streptomycin (100 IU/m1) and 5% fetal
calf serum (FCS; Gibco, Paisley, Scotland). The outer compartment of
Marbrook-Diener tissue culture flasks and Costar plates (Bellco Glass,
New Jersey) were filled with bicarbonate buffered RPMI 1640, supplemented with
5% FCS and 5 x 10-5M 2-mercaptoethanol.

Antisera: Chicken, rabbit, rat, and guinea pig anti~Hf2M antisera were
prepared by immunizing groups of animals (50-200f«g/kg) intramuscularly with

HEoM in complete Freund's adjuvant followed by three weekly boosts in
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incomplete Freund's adjuvant until a strong response ﬁas detected by
radioimmunoassay (16), with quM purified from the urine of patients with
Wiilson's disease (17). Monoclonal anti-ﬂpzM vas prepared from a hybridoma
culture kindly supplied by Ceppellini and Trucco (18) which was produced by

fusing BALB/C spleen cells previously immunized with human PBLs with the

" plasmacytoma as described by Kohler and Milstein (19). Positive clones were

identified by the binding of supernatant immunoglobulin to human lymphocytes
but not to human erythrocytes. Confirmatioq of anti—HfQM activity was
obtained by the direct binding of supernatant immunoglobulin to wells of
microtitre trays coated with hunmn/?zM (Sanderson, unpublished).
Immunoglobulin having anti-HﬁzM activity was purified from sera by absorption
and elution from Hsz columns consisting of the pure protein bound to
activated sepharose 4B (Pharmacia, Uppsala, Sweden), using 3M sodium
thiocyanate (NaSCN) or 0.5% acetic acid as eluent. Purity of Hng or
antibody was confirmad by SDS-PAGE and isoelectric focussing.

Preparation and use of immunoadsorbents

The antigens, SAI/II and KLH, and the anti-H M antisera vere coupled to
cyanogen bromide activated sepharose 4B. The purified proteins were coupled at
Img per ml of adsorbent. Before use the immunoadsorbents were washed once with
3M NaSCN followed by three times with phosphate buffered saline (PBS). For
absorption, factors at a dilution of 107 were used in the ratio of 1ml of
factor to lml of beads. After mixing for two hours at 4°C the unbound
material was recovered by centrifugation, millipore filtered and stored at
-20°C until used. The beads were washed five times with PBS and the bound
material eluted from the-beads by washing with 3M NaSCN in the ratio of 1m) per
ml of beads. The eluted material was diluted wilth an equal volume of PBS,
dialyzed against saline for 24 hours, millipore filtered and stored at

-200C. The absorptions were carried out on more than one occasion using the
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same.batch of helper factor. In addition other absorptions were performed with
a fewer number of immunoadsorbent preparations, using four different batches of
helper factor. The pattern of reactivity was consistent within each species.

The preparation and assay of helper factors

The preparation and assay of the helper factors was performed as
previously described (12). Briefly, mouse-(BIOfBR) spleen cells or monkey PBL
at 15x10% and 5x106/m1 respectively were primed in vitro in Marbrook-Diener |
flasks with 0.01rg/m1 of SAI/II for four days to induce helper cells. These
cells were harvested, washed and restimulated with 0.1rg/m1 of SAI/II for 24

. hours and the cel free supernatants (helper factor; HFsa1/11 and

MHFSAI/II) were collected. HFgap/r1 and MHFgay/pp at a final

concentration of 10‘3, the previously determined optimum concentration for

all batches tested so far were assayed in Marbrook-Diener flasks or Costar
plates in the presence of 107 or 5x106 unprimed (input)‘BIO.BR spleen

cells, respectively, and O.Irg/ml of DNP-SAI/II (12). The anti-DNP antibody
forming cells (AFC) were assayed on day 4, using the modified Cunningham assay
(19) using DNP-Fab coated SRC and uncoated SRC. DNP specific plaques were the
difference between the two. Since unprimed spleen cells were used, only IgM
AFC were detected. A11 cultures were carried out in triplicate and assayed
séparate]y. Within each experiment the numbers of AFC in each group were
compared to a background of the response of 107 or 5x106 unprimed B10,BR
spleen cells to 0.1/,\g/m1 of DNP-SAI/II.

RESULTS

Antigenic Specificity of Helper Factor: Immunoadsorbents were used as

probes to examine the antigenic specificity of helper factors used prior to

their further characterization. The activity of monkey and mouse helper




factors induced with the antigen SAI/II bound to immunoabsorbent columns of
SAI/II and were eluted with NaSCN. However, the activity failed to bind to

columns of the unrelated protein antigen KLH (Table 1).

Reaction of helper factor with insolubilized anti-H?Z)-microg]obu]in

antibody | .

The reaction of MHF with immunoadsorbents comprising of affinity purified
heterologous antibodies to Hsz, and a similarly purified monoclonal antibody
to HFQM are shown in Figure 1. The activity of MHF could be absorbed by and
eluted from the chicken, rabbit, and rat as well as mouse monoclonal
anti-HPQM columns using 3M-NaSCN. In addition, it has been found that MHF
couid be competitively eluted from monoclonal anti -H{>2M columns with pure
'QzM (Zanders, Lamb and Sanderson, unpublished observation)A. Guinea pig
anti-ﬁFZM immunoadsorbents did not react with determinants present in monkey
helper factor.

Analogous experiments were performed using SAI/II specific helper factor
from B10.BR mice (Fig. 2). The experiments revealed that anti-HﬁZM likewise
bound helper activity, but the pattern of absorption was different from that
obtained when monkey factor was reacted with the same immunoadsorbents. The
functional activity of mouse helper factor was absorbed By'columns containing
chicken, rat and guinea pig anti-ﬂFéM antibodies. The latter is contrary to
that observed with monkey factor; similarily the inability of monoclonal
anti-H‘AZM to absorb mouse helper factor. The rabbit anti-H/zzM antibody

also failed to bind the activity of mouse HFspy/17-
DISCUSSION

Antigen specific factors have been reported to react with antisera

specific for immunoglobulin variable region idiotypes (11,21) and framework
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(Fv) structures (22). Furthermore, antisera directed against factors have been
reported which recognize determinants linked to the functional type of factor
(e.g. helper or suppressor) but not to determinants related to the specificity

or mouse strain of origin of the factor (23). These sites of cross reactivity

were termed "constant regions® (23). Neither HLA (heavy chain) determinants in

man (Lamb, Zanders and Sanderson, unpublished observation), nor those of H-2K
or D regions in the mouse (5,24) have been found on factors.

The results presented here demonstra;e absorption of the activity of
monkey antigen specific helper factor by chicken, rabbit, rat and monoclonal

(mouse) aﬂti-HfZM antibody, vhereas guinea pig anti-WﬂzM did not recognize

‘determinants in monkev helper factor. The absorption capacity of the columns

was high since lmg of purified anti-WRZM was used to adsorb 1lml of helper
factor diluted 10-! in a1l cases and, thus the failure of guinea pig
anti-qFZM to absorb monkey HF is not Tikely to be due to inadequate
absorption capacity. This was verified by the fact that the column absorbed
all of the mouse HF (Fig. 2).

Mouse helper factor also reacted with anti-H/bM antibodies, but with a
different pattern of binding as compared to monkey helper factor. Mouse helper
factor bound to chicken, rat and guinea pig anti-l!{!zM but not to rabbit or
monocona) anti-Hfgn antibody. The activity of the latter reagents were
verified by their capacity to react with monkey helper factor.

There are severé] possible explanations for the failure of guinea pig
anti-humanF oM to bind monkey factor or for rabbit anti-human{!zﬂ to bind
mouse factor. The amino acid sequences recognized in human[&zM by guinea
pigs may not occur in monkey, if they do occur then they may be obscured by
other protein chains in the total moiety which comprises active helper factor.

Indeed tertiary structural) features within the{!zM 1ike molecule occurring in

-




helper factor may similarly explain the failure of guinea pig anti human’l oM

to behave as other mammalian anti-human{izl\i reagents do. It has also been

found that a determinant on free humanF oM cannot be detected in the intact
HLA molecule. (A. R. Sanderson, personal communication). Similar .
considerations apply to the rabbit anti-human PZM to bind mouse factors. The
case of féi’lure of monoclonal mouse anti—human{lzm to bind mouse helper

factor however is different. No mouse immune reagent is likely to bind to a

mouselizM componer_vt in mouse helper factor because/s oM is monomorphic

within all species even in mouse where it has been claimed to be dimorphic,

= (25) the dimorphism is not across the mouse strain differences used in this

study (Balb/C for monoclonal reagents; B1OBR for vactors).

The results are reminiscent of observations on allogeneic effect factor

M Lol s s

(26), a?though the serological evidence for the presence off oM determinants
was less unequivocal in this earlier study, since vhole anti-{ézM antisera
were used, and absorption data with purified antibody was not reported. It
remains to be determined whether{} oM cross reactivity is a property shared
also by helper factors which lack antigen specificity in additi;)n to the
antigen specific factors reported here. Furthermore, a factor reactive with

anti-PzM antibodies has been reported that specificity suppressed IgE

antibody production (27). The antigenic similarity betweenfle and helper
~ factor led us to test the possibility that jintact HPZM may directly stimulate
antibody production by mouse spleen cells either alone or in the presence of
specific antigen. However, no effect was found upon adding HFZM at
concentrations from 0.01-1 .Org/ml. (Data not shown.)
There are a number of possible interﬁretations vhich can be drawn from our
data. The different patterns of binding between the two factors imply that an

intactfzm chain is probably not present in factors, since it would have been

expected that all sera to Hfzm would bind monkey helper factor. Although




there is no precedent for the production oftzzM chain fragments, it is.
possible that helper factor contains a portion of the‘!zM chain, or that a
polypeptide region is shared by‘!zM and helper factor. The latter
jnterpretation appears to be more likely in view of the evidence thét[ﬁzM
shows sequence homology with the Cy3 domain of IgG and serological cross
reactivity suggests that helper factor contains a'region analogous to an
immunoglobulin Cy domain. This concept is compatible with evfdence that some
factors bind to protein A (M. Cecka and R. Cone, personal communication) and
with certain anti-Ig reagents especially anti-IgM (1,5,15).

Factérs contain a variable region which is "immunoglobulin-1ike” bearing
1g idiotype and Ig framework (FV) determinants (22). Since anti—HFZM does
not react with immunoglobulin (Sanderson, unpublished observation), it is
unlikely that the anti-ﬁPZM antibodies are reacting with the variable region
of helper factor. Thus the reaction is presumably with the “constant region"
of factors (23) and this reactivity with anti-HFgM may thus be a reflection
that the origin of the genes controlling factor "constant regions"” may be
products of the same ancestral genes that gave rise h)FgM.

Clearly further work is necessary to clarify the prgcise nature and
function of these regulatory factors. Meanwhile reagents based on monoclonal
antibodies having defined specificity offer considerble promise in purification

procedures.
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Legend to Tab1e‘1
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Mouse (HFsar/qy) and monkey (MHFsap 11) helper factor induced with
SAI/II were cultured at a final concentration of 10-3 with 107
unprimed B10.BR spleen cells in the presence of 0.£rg of DNP-SAI/II for

four days.

Background response of 107 unprimed B10.BR spleen cells to O.Irg/ml of
DNP-SAI/II without added helper factor.

Response of HFSAI/II and MHFSAI/II cultured with 107 unprimed
B10.BR spleen cells without added DNP-SAI/II. |

Students t test was used to assess the significance of treated as
compared to untreated helper factor. n=6, A,PL0.05; B,pC0.01; c L
p 0.001,

Six other experiments gave similar results. None yielded conirary

findings.




TABLE 1

ivj _ . , Antigenic Specificity of Mouse and Monkey Helper Factor

STIMULUS® RESPONSE
HF Antigen Immunoadsorbent  Anti-DNP AFC/culture * SE
DNP-SAL/1I - a7+12**
HFSAT/ 1T - - mE
. : - 470457
+ : + KLH bound _ 80+17C
é‘ g + + + unbound 350+70
+ + SAI/1I bound 410+45
| + ‘ + + unbound | 273_12c
; MHFsAT/11 - - 60+21™**
+ + - 540i21
+ + KLH bound - 97417C
+ + + unbound _ 4804717
+ SAI/II bound | 527+41C
+ + unbound 107+20C




Legend to Figures

Figure 1. Reaction of monkey helper factor with anti-humanl%z microglobulin
antisera.
Monkey helper facto? (MHFsp1/11) induced with SAI/II was added at a
final concentration of 10-3 to 107 unprimed BlOfBR spleen cells in
presence of O.Irg/ml of DNP-SAI/II. Cultures were performed in Marbrook
flasks. Anti-DNP AFC were assayed on day 4.

MHFsa1 11 was bound and eluted (3M-NaSCN) from Sepharose 48 columns
o anti-Hsz from which antisera had been insolubilized at lmg/ml.

Background is the response of 107 unprimed BL10.BR spleen cells to

'_ i S

O.Irg/m1 of DNP-SAI/II without added helper factor. Students t test was

used to assess the significance of treated as compard to untreated

‘ MHFSAI/II. n=6, A, P(0.0S B, P(0,0l; C, P(0.00].-

Two other experiments gave similar results.

Figure 2. Reaction of mouse helper factor with anti-human » microglobulin
antisera. )
Mouse helper factor (HFSAI/IT) was assayed at 10~3 final concentration
on 5x108 unprimed (input) B10.BR spleen cells in Costar plates in the
presence of O.Irg/ml of DNP-SAI/II.

For absorptions, background and p values, see legend to Figure 1.
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